BUNDESREPUBLIK DEUTSCHLAND 




Prioritatsbescheinigung uberdie Einreichung 
einer Patentanmeldung 



Aktenzeichen: 
Anmeldetag: 
Anmelder/lnhaber: 
Bezeichnung: 



199 32 227.9 



9. Juli 1999 



BASF AG, Ludwigshafen/DE 



Corynebacterium glutamicum Genes encoding Pro- 
teins involved in Membrane Synthesis and Mem- 
brane Transport 



IPC: 



C 07 K 14/34 



Die angehefteten Stiicke sind eine richtige und genaue Wiedergabe der urspriing- 
lichen Unterlagen dieser Patentanmeldung. 



Munchen, den 23. Juli 2002 
Deutsches Patent- und Markenamt 
Der President 

Im Auftrag 




CERTIFIED COPY OF 
PRIORITY DOCUMENT 



vwhmoyF BEST AVAILABLE COPY 



CORYNEBACTERIUM GLUTaMICUM GENES ENCODING PROTEINS 
INVOLVED IN MEMBRANE SYNTHESIS AND MEMBRANE TRANSPORT 

Abstract of the Disclosure 

Isolated nucleic acid molecules, designated MCT nucleic acid molecules, which, 
encode novel MCT proteins from Corynebacierium glutamic urn are described. The 
invention also provides antisense nucleic acid molecules, recombinant expression 
vectors containing MCT nucleic acid molecules, and host cells into which the expression 
vectors have been introduced. The invention still further provides isolated MCT 
proteins, mutated MCT proteins, fusion proteins, antigenic peptides and methods for the 
improvement of production of a desired compound from C. glutamicum based on 
genetic engineering of MCT genes in this organism. 
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COR YNEBA CTERJUM GL UTAMICUM G £NES ENCODING PROTEINS 
INVOLVED IN MEMBRANE SYNTHESIS AND MEMBRANE TRANSPORT 

Background of the Invention 

Certain products and by-products of naturally-occurring metabolic processes in 
cells have utility in a wide array of industries, including the food, feed, cosmetics, and 
pharmaceutical industries. These molecules, collectively termed 'fine chemicals*, 
include organic acids, both proteinogenic and non-proteinogenic amino acids, 
nucleotides and nucleosides, lipids and fatty acids, diols, carbohydrates, aromatic 
compounds, vitamins and cofactors, and eixzymes. Their production is most 
conveniently performed through the large-scale culture of bacteria developed to produce 
and secrete large quantities of one or more desired molecules. One particularly useful 
organism for this purpose is Corynebacterium glutamic urn, a gram positive, 
nonpathogenic bacterium. Through strain selection, a number of mutant strains have 
been developed which produce an array of desirable compounds. However, selection of 
strains improved for the production of a particular molecule is a time-consuming and 
difficult process. 

Summary of the Invention 

This invention provides novel nucleic acid molecules which may be used to 
identify or classify Corynebacterium gluiamicum or related species of bacteria. C 
gluiamicum is a gram positive, aerobic bacterium which is commonly used in industry 
for the large-scale production of a variety of fine chemicals, and also for the degradation 
of hydrocarbons (such as in petroleum spills) and for the oxidation of terpenoids. The 
nucleic acid molecules therefore can be used to identify microorganisms which can be 
used to produce fine chemicals, e.g., by fermentation processes. While C gluiamicum 
itself is nonpathogenic, it is related to other Corynebacterium species, such as 
Corynebacterium ciiphiheriae (the causative agent of diphtheria), which are important 
human pathogens. The ability to identify the presence of Corynebacterium species 
therefore also can have significant clinical relevance, e.g., diagnostic applications. 
Further, these nucleic acid molecules may serve as reference points for the mapping of 
the C. gluiamicum genome, or of genomes of related organisms. 

These novel nucleic acid molecules encode proteins, referred to herein as 
membrane construction and membrane transport (MCT) proteins. These MCT proteins 
are capable of, for example, performing a function involved in the metabolism (e.g., the 
biosynthesis or degradation) of compounds necessary for membrane biosynthesis, or of 
assisting in the transmembrane transport of one or more compounds either into or out of 
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the cell Given the availability of cloning vectors for use in Coryneba^rium 
glutamic**, such as those disclosed in Sinskey et al., U.S. Patent No. 4.649,1 19, and 
techniques for genetic manipulation of C gluTamicum and the related Brevibacteuum 
species (e.g., lactofermenrum). (Yoshihama et al, J. Bocteriol. 162:591-597(1985); 
5 Katsumaxa et al., J. Bacterid. 1 59: 306-31 1 (1984), and Santamaria et al., J. Cen. 

Microbiol. 1 30: 2237-2246 (1984)), the nucleic acid molecules of the invention may be 
utilized in the genetic engineering of this organism to make it a better or more efficient 
producer of one or more fine chemicals. This improved production or efficiency of 
production of a fine chemical may be due to a direct effect of manipulation of a gene ot 
0 the invention, or it may be due to an indirect effect of such manipulation. 

There are a number of mechanisms by which the alteration of an MCT protein of 
the invention may dirccxly affect The yield, production, and/or efficiency of production , 
of a fine chemical from a C, gluromicum strain incorporating such an altered protein. 
Those MCT proteins involved in the export of fine chemical molecules from the cell 
15 may be increased in number or activity such that greater quantities of these compounds 
are secreted to the extracellular medium, from which they are more readily recovered. 
Similarly, those MCT proteins involved in the import of nutrients necessary for the 
biosynthesis of one or more fine chemicals (e.g., phosphate, sulfate, nitrogen 
compounds, etc.) may be increased in number or activity such that these precursors, 
20 cofactors, or intermediate compounds are increased in concentration within the cell. 

Further, fatty acids and lipids themselves are desirable fine chemicals; by optimizing the 
activity or increasing the number of one or more MCT proteins of the invention which 
participate in the biosynthesis of these compounds, or by impairing the activity of one or 
more MCT proteins which are involved in the degradation of these compounds, it may 
25 be possible to increase the yield, production, and/or efficiency of production of fatty 
acid and lipid molecules from C. glutamicum. 

The mutagenesis of one or more MCT genes of the invention may also result in 
MCT proteins having altered activities which indirectly impact the production of one or 
more desired fine chemicals from C .glutumicum. For example, MCT proteins of the 
30 invention involved in the export of waste products may be increased in number or 

activity such that the normal metabolic wastes of the cell (possibly increased in quantity 
due to the overproduction of the desired fine chemical) are efficiently exported before 
they are able to damage nucleotides and proteins within the cell (which would decrease 
the viability of the cell) or to interfere with fine chemical biosynthetic pathways (which 
35 would decrease the yield, production, or efficiency of production of the desired fine 
chemical) Further, the relatively large intracellular quantities of the desired fine 
chemical may in itself be toxic to the cell, so by increasing the activity or number of 



transporters able to export this compound from the cell, one may increase the viability of 
the cell in culture, in turn leading to a greater number of cells in the culture producmg 
. the desired fine chemical. The MCT proteins of the invention may also be manipulated 
such that the relative amounts of different lipid and farry acid molecules are produced. 
This may have a profound effect on the lipid composition of the membrane of the cell. 
Since each type of lipid has different physical properties, an alteration in the hpid 
composition of a membrane may significantly alter membrane fluidity. Changes in 
membrane fluidity can impact the transport of molecules across the membrane, as well 
as the integrity of the cell, both of which have a profound effect on the producnon of 
) fine chemicals from C glutamicum in large-scale fermentative culture. 

The invention provides novel nucleic acid molecules which encode proteins, 
referred to herein as MCT proteins, which are capable of, for example, participating in 
the metabolism of compounds necessary for the construction of cellular membranes in 
C glutamicum, or in the transport of molecules across these membranes. Nucleic acid 
5 molecules encoding an MCT protein are referred to herein as MCT nucleic acid 

molecules. In a preferred embodiment, the MCT protein participates in the metabolism 
of compounds necessary for the construction of cellular membranes in C. glutam.cu^ 
or in the transport of molecules across these membranes. Examples of such proteins 
include those encoded by the genes set forth in Table 1 . 
0 Accordingly, one aspect of the invention pertains to isolated nucleic acid 

molecules (e.g.. cDNAs) comprising a nucleotide sequence encoding an MCT protein or 
biologically active portions thereof, as well as nucleic acid fragments suitable as primers 
or hybridization probes for the detection or amplification of MCT-encoding nucleic acid 
t e.g., DNA or mRNA). In particularly preferred embodiments, the isolated nucleic acid 
?5 molecule comprises one of the nucleotide sequences set forth in Appendix A or the 
coding region or a complement thereof of one of these nucleotide sequences. In other 
particularly preferred embodiments, the isolated nucleic acid molecule of me invention 
comprises a nucleotide sequence which hybridizes to or is at least about 50%, preferably 
at least about 60%, more preferably at least about 70%, 80% or 90%, and even more 
30 preferably at least about 95%, 96%, 97%, 98%, 99% or more homologous to a 

nucleotide sequence set form in Appendix A, or a portion thereof. In other preferred 
embodiments, the isolated nucleic acid molecule encodes one of the amino acid 
sequences set forth in Appendix B. The preferred MCT proteins of the present invention 
also preferably possess at least one of the MCT activities described herein. 
35 In another embodiment, the isolated nucleic acid molecule encodes a protein or 

portion thereof wherein the protein or portion thereof includes an amino acid sequence 
which is sufficiently homologous to an amino acid sequence of Appendix B, e.g.. 



10 
15 



sufficiently homologous to an amino acid sequence of Appendix B such that the proem 
or portion thereof maintains an MCT activity. Preferably, the protein or portion thereof 
encoded by the nucleic acid molecule maintains the ability to participate in the 
metabolism of compounds necessary for the construction of cellular membranes in C 
glutamxcum % or in the transport of molecules across these membranes. In one 
embodiment, me protein encoded by the nucleic acid molecule is at least about 50/o, 

preferably at least about 60%, and more preferably at least about 70%. 80%, or 90% and 
most preferably at least about 95%, 96%, 97%, 98%, or 99% or more homologous to an 
amino acid sequence of Appendix B (e.g., an entire amino acid sequence selected from 
those sequences set forth in Appendix B). In another preferred embodiment, the protein 
is a full length C. glutamicum protein which is substantially homologous to an entire 
axnino acid sequence of Appendix B (encoded by an open reading frame shown in 

AP? ^In aether preferred embodiment, the isolated nucleic acid molecule is derived 
from C glutamicum and encodes a protein (e.g., an MCT fusion protein), which includes 
a biologically active domain which is at least about 50% or more homologous to one of 
xhe amino acid sequences of Appendix B and is able to.pamcipate in the metabolism of 
compounds necessary for the construction of cellular membranes in C glutamicum. or in 
the transport of molecules across these membranes, or has one or more of the acnvmes 
20 set forth in Table 1, and which also includes heterologous nucleic acid sequences 
encoding a heterologous polypeptide or regulatory regions. 

In another embodiment, the isolated nucleic acid molecule is at least 15 
nucleotides in length and hybridizes under stringent conditions to a nuchnc acid 
molecule comprising a nucleotide sequence of Appendix A. Preferably, the isolated 
, A 25 nucleic acid molecule corresponds to a naturally-occurring nucleic add molecule. More 
preferably, the isolated nucleic acid encodes a naturally-occurring C glutamicum MCT 
protein, or a biologically active portion thereof. 

Another aspect of the invention pertains to vectors, e.g., recombinant expression 
vectors containing the nucleic acid molecules of the invention, and host cells into which 
30 such vectors have been introduced. In one embodiment, such a host cell is used to 
produce an MCT protein by culturing the host cell in a suitable medium. The MCT 
protein can be then isolated from the medium or the host cell. 

Yet another aspect of the invention pertains to a genetically altered 
microorganism in which an MCT gene has been introduced or altered. In one 
35 embodiment, the genome of the microorganism has been altered by introduction of a 
nucleic acid molecule of the invention encoding wild-type or mutated MCT sequence as 
a transgene. In another embodiment, an endogenous MCT gene within the genome of 
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the microorganism has been altered, e.g., functionally disrupted, by homologous 
recombination with an altered MCT gene. In a preferred embodiment, the 
microorganism belongs to the genus Corynebacierium or Brevibacterium, with 
Corynebacierium glutamicum being particularly preferred. In a preferred embodiment, 
5 the microorganism is also utilized for the production of a desired compound, such as an 
amino acid, with lysine being particularly preferred. 

Still another aspect of the invention pertains to an isolated MCT protein or a 
portion, e.g., a biologically active portion, thereof. In a preferred embodiment, the 
isolated MCT protein or portion thereof can participate in the metabolism of compounds 
1 0 necessary for the construction of cellular membranes in C. glutamicum, or in the 

transport of molecules across these membranes. In another preferred embodiment, the 
isolated MCT protein or portion thereof is sufficiently homologous to an amino acid 
sequence of Appendix B such that the protein or portion thereof maintains the ability to 
participate in the metabolism of compounds necessary for the construction of cellular 
15 membranes in C. glutamicum, or in the transport of molecules across these membranes. 
The invention also provides an isolated preparation of an MCT protein. In 

preferred embodiments, the MCT protein comprises an amino acid sequence of 
Appendix.B. In another preferred embodiment, the invention pertains to an isolated full 
length protein which is substantially homologous to an entire amino acid sequence of 

20 Appendix B (encoded by an open reading frame set forth in Appendix A). In yet 

another embodiment, the protein is at least about 50%, preferably at least about 60%, 
and more preferably at least about 70%, 80%, or 90%, and most preferably at least about 
95%, 96%, 97%, 98%, or 99% or more homologous to an entire amino acid sequence of 
Appendix B. In other embodiments, the isolated MCT protein comprises an amino acid 

25 sequence which is at least about 50% or more homologous to one of the amino acid 
sequences of Appendix B and is able to participate in the metabolism of compounds 
necessary for the construction of cellular membranes in C. glutamicum, or in the 
transport of molecules across these membranes, or has one or more of the activities set 
forth in Table 1. 

30 Alternatively, the isolated MCT protein can comprise an amino acid sequence 

which is encoded by a nucleotide sequence which hybridizes, e.g., hybridizes under 
stringent conditions, or is at least about 50%, preferably at least about 60%, more 
preferably at least about 70%, 80%, or 90%, and even more preferably at least about 
95% 96% 97%, 98,%, or 99% or more homologous, to a nucleotide sequence of 

35 Appendix B. It is also preferred that the preferred forms of MCT proteins also have one 
or more of the MCT bioactivities described herein. 
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The MCT polypeptide, or a biologically active portion ihereof, can be 
operarively linked to a non-MCT polypeptide to form a fusion protein. In preferred 
embodiments, this fusion protein has an activity which differs from that of the MCT 
protein alone. In other preferred embodiments, this fusion protein participate in the 
5 metabolism of compounds necessary for the construction of cellular membranes in C 
glummicum, or in the transport of molecules across these membranes. In particularly 
preferred embodiments, integration of this fusion protein into a host cell modulates 
production of a desired compound from the cell. 

Another aspect of the invention pertains to a method for producing a fine 
10 chemical. This method involves the culturing of a cell containing a veaor directing the 
expression of an MCT nucleic acid molecule of the invention, such that a line chemical 
is produced. In a preferred embodiment, this method further includes the step of 
obtaining a cell containing such a vector, in which a cell is transfected with a vector 
directing the expression of an MCT nucleic acid. In another preferred embodiment, this 
15 method further includes the step of recovering the fine chemical from the culture. In a 
particularly preferred embodiment, the cell is from the genus Corynebacierium or 
Brevibacterium, or is selected from those strains set forth in Table 3 . 

Another aspect of the invention pertains to methods for modulating production of 
a molecule from a microorganism. Such methods mclude contacting the cell with an 
20 agent which modulates MCT protein activity or MCT nucleic acid expression such that a 
cell associated activity is altered relative to this same activity in the absence of the 
- agent. In a preferred embodiment, the ceil is modulated for one or more C gluiamicum 
metabolic pathways for cell membrane components or is modulated for the transport of 
compounds across such membranes, such that the yields or rate of production of a 
^ 75 desired fine chemical by this microorganism is improved. The agent which modulates 
MCT protein activity can be an agent which stimulates MCT protein activity or MCT 
nucleic acid expression. Examples of agents which stimulate MCT protein activity or 
MCT nucleic acid expression include small molecules, active MCT proteins, and nucleic 
acids encoding MCT proteins that have been introduced into the cell. Examples of 
30 agents which inhibit MCT activity or expression include small molecules and antisense 

MCT nucleic acid molecules. 

Another aspect of the invention pertains to methods for modulating yields of a 
desired compound from a cell, involving the introduction of a wild-type or mutant MCT 
gene into a cell, either maintained on a separate plasmid or integrated into the genome of 
35 the host cell. If integrated into the genome, such integration can be random, or it can 
take place by homologous recombination such that the native gene is replaced by the 
introduced copy, causing the production of the desired compound from the cell to be 
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modulated. In a preferred embodiment, said yields are increased. In another preferred 
embodiment, said chemical is a fine chemical. In a particularly preferred embodiment, 
said fine chemical is an amino acid. In especially preferred embodiments, said amino 
acid is L-lysine. 

5 

Detailed Description of the Invention 

The present invention provides MCT nucleic acid and protein molecules which 
are involved in the meiabolism of cellular membrane components in C. glutamicum or 
in the transport of compounds across such membranes. The molecules of the invention 

1 0 may be utilized in the modulation of production of fine chemicals from microorganisms, 
such as C. ghtarmcum, either directly (e.g., where overexpression or optimization of a 
fany acid biosynthesis protein has a direct impact on the yield, production, and/or 
efficiency of production of the fatty acid fiom modified C gluiamicum), or an indirect 
impact which nonetheless results in an increase of yield, production, and/or efficiency of 

1 5 production of the desired compound (e.g.. where modulation of the metabolism of cell 
membrane components results in alterations in the yield, production, and/or efficiency of 
production or the composition of the cell membrane, which in turn may impact the 
production of one or more fine chemicals). Aspects of the invention are further 
explicated below. 

20 

1. Fine Chemicals 

The term 'fine chemical' is art-recogni2ed and includes molecules produced by 
an organism which have applications in various industries, such as, but not limited to, 
the pharmaceutical, agriculture, and cosmetics industries. Such compounds include 

25 organic acids, such as tartaric acid, itaconic acid, and diaminopimelic acid, both 
proteinogenic and non-proteinogenic amino acids, purine and pyrimidine bases, 
nucleosides, and nucleotides (as described e.g. in Kuninaka, A. (1996) Nucleotides and 
related compounds, p. 561-612, in Biotechnology vol. 6, Rehm et al., eds. VCH: 
Weinheim, and references contained therein), lipids, both saturated and unsaturated fany 

30 acids (e.g., arachidonic acid), diols (e.g., propane diol, and butane diol), carbohydrates 
(e.g., hyaluronic acid and trehalose), aromatic compounds (e.g., aromatic amines, 
vanillin, and indigo), vitamins and cofactors (as described in Ullmann's Encyclopedia of 
Industrial Chemistry, vol. A27, "Vitamins", p. 443-613 (1 996) VCH: Weinheim and 
references therein; and Ong. A.S., Niki, E. & Packer, L. (1995) "Nutrition, Lipids, 

35 Health, and Disease" Proceedings of the UNESCO/Confederation of Scientific and 
Technological Associations in Malaysia, and the Society for Free Radical Research - 
Asia, held Sept. 1 -3, 1994 at Penang, Malaysia, AOCS Press, (1995)), enzymes, and all 



other chemicals described in Gutcho (1983) Chemicals by Fermentation, Noyes Data 
Corporation, ISBN : 0818805086 and references therein. The metabolism and uses ot 
certain of these fine chemicals are further explicated below. 

A Amino Acid Metabolism and Uses 

A^tao acids comprise the basic suucnrral * «f *H P»-». - » " 
essential for normal celluUr functioning in all organisms. The term "ammo a«d is an- 
recognized. The pyogenic amino acids, of which tare are 20 species serve as 
srrucural units for proteins, in which they are linked by peptide bonds, wbtie *, , 
nonproteinogeruc amino acids Chundreds of which are .mown) are no, normal y fo^ m 
proreins (see Ulmann's Encyclopedia of Industrial Chemtstry, vol. A2, p. 57-97 >VGL 
leinheun 0985)). Amino acids may be in rhe D- or L- optical configuranon. though L- 
amino acids are generally me only type found in narurally-occurrmg protons. 
Biosynrhetic and degradarive pathways of each of the 20 proretaogeorc ammo actds 
^c been we». characterized in bom proharyotic and eukaryotic cells (see for cample 
Stryer. L. Biochemistry. 3" edition, pages 578-590 (1988)). The -essennal ammo actds 
(teridine. isoleucine. leucine, lysine, methionine, phenylalanine, rhreomne nyptophan, 
and valine) so named because they are generally a nutritional rcqmremen, due to xhe 
IpTeX'of men biosymhesis, are readily convened by simple biosynmcuc pa^vnys 
, tomeremaining 11 -nonessential- amino acids (alanine, argr -<^^"™ 
cysreine, gloramate. famine, glycine, proline, serine, and tyrosme), Htghe ammals 
do retain 4e abiliry ro synrhesize some of rhese amino acids, bur rhe essennal ammo 
acids must be supplied from the die. in order for normal protein synthests to occur. 

Aside from their function in prorata biosynthesis, these amino aads are 
ta.eres.tag chemicals in rheir own nghr, and many have been found ^™ous 
applications in the food, feed, chemical, cosmetics, agneulrure. and P>>™»"> . 
mLries. Lysine is an important amino acid in rhe nunition not only of human,, bur 
ato ofmonogasnic animals such as poulny and swine. Gluumate is taos. commonly - 
u«d as! flavor additive (mono-sodium gluramare. MSG, and is widely t*ed mroughou, 
30 me food industry, as are aspanate. phenylalanine, glycine, and cysreme GlycmeO- 
n,etitiontae and tryptophan are all utilized in tire pharmaceuuea. mdusuy. Gi™ 
valine, leucine, isoleucine, histidine. arginine, proline, senne and alanme are of u« m 
bom rhe pharmaceutical and cosmetics indusrries. Threonine, trypmpha* and D L- 
Lhionme are common feed additives. (Uuchtenberger, W. (1 996, Ammo ard - 
35 ^production and use, p. 466-502 in Rehm e, al. (eds.) Biotechnology vof * 
cnaprer 14 a. VCH: Wetaheim). Additionally, these amino acids have been found ro be 
LTi pmcursor, for tire synthesis of synthetic amino acids and prorems. such as N- 
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.tescribed in Olmann's Encyclopedia of Industrial Chemise, vol. A2, p. 57-97, VCH. 
Weinheim, 1985. 

the biosynthesis of ihcse natural amino acids in orgamsros capable of 
5 placing .hem, such as bacteria, has been well characterized (for review of bacenal 
Lino Jd biosynthesis and regulation .hereof, see Umbarger. H.E 0978M** S~ 
Bicchem. 47: 533-606). Oluuurran. is aymhesized by dre reductive aminatmn of a- _ 
ketoghnaza*, an intermediate in ore ctaic acid cycle. G.utamme ptohne, «* argnune 
are each subsequendy produced from gtaamare. The biosyudtests of senne ,s a three- 
0 srep process beginning with 3-phosphoglycerate (an intermediate .n glycols), and 
resulting in .his amino acid after oxidation, transamination, and hydrolyss s«ps. Bod, 
cy,tein= and glycine «. produced from serine; the former by the condensation of 
homocysteine with serine, and the latter by the transferal of the srde-cham B-carbon 
atom to teoahydrofolatt. in a reaction catalyzed by serine transhydroxymedrylase. 
15 Phenylalanine, and tyrosine are synthesized ftom the glycolytic and pentose phosphate 
pa4v ra yp«cursor S eryttaose4- P ho S pha.candphosphoenol P yruva,ema.9-s.ep 

biosynthetic padtway that differ only a, the final two s«ps after synthase of prephenata. 
Tryptophan is also produced ftom these wo initial molecules, bu, its synthests >s an 11- 
step padtway. Tyrosine may also be synthesized ftom phenylalanine, in a reacuon 
to catalyzed by phenylalanine hydroxylase. Alanine, valine, and leucme are all 
" biosyndreticproducts of pyruvare, the fitud produc, of glycolysis. Aspanate ts formed 
fi-om oxaloacerate, an intermediate of the citric acid cycle. Asparagine, meth.on.nc, 
threonine, and lysine are each produced by the conversion of aspartate. Isoleucn. n. 
formed ftom threoniue. A complex 9-stifp pathway tesults in the production of histtdtne 
■>i ftom 5-phosphoribosyl-l-pyrophosphate, an activated sugar. ■ 

Amino acids in excess of the protein syndesis needs of the cell cannot be stored, 
and are insttad degzaded to provide intermediates for the major metabolic pati,ways of 
the cell (for review see Stiver, L. Biochemist 3« ed. Ch 2! "Ammo Acrd Degrada m„ 
and the Urea Cycle" p. 495-516 (1988». Although the cell is able to convert unwanted 
30 amino acids into useful metabolic mtetmediates, amino acid production ,s cosdy .» 
terms of energy, precursor molecules, and the enzymes necessary to syn.hes.ze dum 
T^i is notZising dtat amino acid biosynthesis is reguUred by fee*ac k t^rbmon, 
which the p^ce of a partictdar amino acid serves to slow or ennrely s.op ,ts owt, 
I overview offeedbacx mechanisms in amino ^dhiosyo^cpajhway, 
55 L Stryer L Biochemisny, 3» cd Ch. 24: -Biosyt.dv.sis of Ammo Acms and Heme p. 
"5X988)). ThusZ output of any particular amino acid is limited by the amount 
of xhai amino acid present in xhe cell.. 



B fi-amin. Cofacor. and Nvracolical MoMw and *« 

Vitamins, cofanors. a»d nimacemicals comprise another group oJ molecules 
which rhe higher animals have lost me abilhy u. synmesize and somas, luges,. ahhough 
5 ryarereamW^mesTZedbyomerorgamsurssuchasbacuria. These molecu.es are 
either bioaclive subsutnees rhemselves, or are precursors of biologically acuve 
subsmces which may serve as eleemm carriers or taermediares in a vanery of 
me^bolic pafltways. Aside from their nutritive value, these compounds also ^have 
significant industrial value as coloring agents, antioxidants, and catalysts or other 
, 0 or!c7ssmgaids (for an overview of me snucrure. activity, and indusrrial apphcanons 
10 of^n^unds, ~ <* example. Oman's Encyclopedia of Indusrria. Chemistry, 
-Vitamins" vol. A27. p. 443-613. VCH: Weh*eim, 1996.) The term'— tsan- 
recogmzed, and includes ourriems which are required by an organtsm for notmul 
Cling, bu, which ma, onanism cannot symhesize b, itself. The group of vnamtns 
,5 may encompass cofacors and nmraceutica) compounds. The language "eofacmr 

incLdes nonp—eous compounds required for a normal enzymauc aenvny ro 
• occur Such compounds may be organic or inorganic; *e cofacmr molecules of *e 
mvTnrion are preLbly organic. The term -nu~al" includes dicary supply 
havinghca.mbenefcmplamsandanima.s.parricularlyhumans. 
20 molecules are vimmins, antioxidant and also cenain lipids (e.g.. polyunsamrared fany 

The biosynmesisofmesemoleetdes in organisms capable of producing mem 
such as baceria, has been largely characterized 

Chemisrry, gamins" vol. A27, p. 443-613, VCH: Weinhetm, 1 996; Michal, G. (1 999) 
,5 BiocheSa,Pamwa»s; ^ A Uas of Biochemisnv and Molecu^ Biology JohnW.ley 
& Sons; Ong, A.S., Niki, E. & Packer, L. (1995) "Numnon. ttp^s, Heahh. and 
Disease Proceedings of me DNESCO/Confederarion of Scientific and 
Associations in Malaysia, and me Sociery for Free Radical Re^h - Asta, held Sep, 
l-J, 1994 a, Penang, Malaysia, AOCS Press; Champaign, 1LX 374S). 
,0 Thiamin (vimminB.) is produced by me chemical couplmg of pymmdtne and 

'.hiazole moieties Riboflavin (vitamin Bj ) is syrtrhesized from gua M sme- 3 --mphospha,e 

mononucleotide (FMN) and flavin adenine dinucleotide (FAD). The famrly ■ « 
bounds collectively termed "vitamin B.' (e.g., pyridoxin* pyndoxamtne, pyndoxUv 
35 X^e ^LmereUlly used pyridoxin hydrochloride) are all derivatives of 
L — n uucuznl urn, S-hydxoxy^memy.pyridine. Panmrhenate .pamofcen^ 
^d Zc^^ydroxy^-dimemyl-l-oxobu^-Mlnnme) can be produced 
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either by chemical synthesis or by fermentation. The final steps in pantothenate 
biosynthesis consist of the ATP-driven condensation of p-alanine and pantoic acid. The 
enzymes responsible for the biosynthesis steps for the conversion to pantoic acid, to p- 
alanine and for the condensation to panthotenic acid are known. The metabolically 
5 active fonn of pantothenate is Coenzyme A, for which the biosynthesis proceeds in 5 
enzymatic steps. Pantothenate, pyridoxal-S'-phosphate, cysteine and ATP are the 
precursors of Coenzyme A. These enzymes not only catalyze the formation of 
panthothante, but also the production of (R)-pantoic acid, (R>pantolacton, (R> 
panthenol (provitamin Bs), pantetheine (and its derivatives) and coenzyme A. 
10 Biotin biosynthesis from the precursor molecule pimeloyl-CoA in 

microorganisms has been studied in detail and several of the genes involved have been 
identified. Many of ihe corresponding proteins have been found to also be involved in 
Fe-cluster synthesis and are members of the nifS class of proteins. Lipoic acid is 
derived from ocxanoic acid, and serves as a coenzyme in energy metabolism, where it 

15 becomes pan of the pyruvate dehydrogenase complex and the a-ketoghitarate 

dehydrogenase complex. The folates are a group of substances which are all derivatives 
of folic acid, which is turn is derived from I. -glutamic acid, p-amino-benzoic acid and 6- 
methylpterin. The biosynthesis of folic acid and its derivatives, starting from the 
metabolism intermediates guanosine-5' -triphosphate (GTP), L -glutamic acid and p- 

20 amino-benzoic acid has been studied in detail in certain microorganisms, 

Corrinoids (such as the cobalamihes and particularly vitamin B l2 ) and 
porphyrines belong to a group of chemicals characterized by a tetrapyrole ring system. 
The biosynthesis of vitamin B,2 is sufficiently complex that it has not yet been 
completely characterized, but many of the enzymes and substrates involved are now 

25 known. Nicotinic acid (nicotinate^ and nicotinamide are pyridine derivatives which are • 
also termed "niacin*. Niacin is the precursor of the important coenzymes NAD 
(nicotinamide adenine dinucleotide) and NADP (nicotinamide adenine dinucleotide 
phosphate) and their reduced forms. 

The large-scale production of these compounds has largely relied on cell-free 

30 chemical syntheses, though some of these chemicals have also been produced by large- 
scale culture of microorganisms, such as riboflavin. Vitamin B 6 , pantothenate, and 
biotin. Only Vitamin B12 is produced solely by fermentation, due to the complexity of 
its synthesis. In virro methodologies require significant inputs of materials and time, 
often at great cost. 



* 
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C. Purine. Pyrimidine, Nucleoside and Nucleotide Metabolism and Uses 

Purine and pyrimidine metabolism genes and their corresponding proteins are 
important targets for the therapy of rumor diseases and viral infections. The language 
"purine" or "pyrimidine" includes the nitrogenous bases which are constituents of 

5 nucleic acids, co-enzymes, and nucleotides. The term "nucleotide" includes the basic 
structural units of nucleic acid molecules, which are comprised of a nitrogenous base, a 
pentose sugar (in the case of RNA, the sugar is ribose; in the case of DNA, the sugar is 
D-deoxyribose), and phosphoric acid. The language "nucleoside" includes molecules , 
which serve as precursors to nucleotides, but which are lacking the phosphoric acid 

10 moiety that nucleotides possess. By inhibiting the biosynthesis of these molecules, or 
their mobilization to form nucleic acid molecules, it is possible to inhibit RNA and DNA 
synthesis; by inhibiting this activity in a fashion targeted to cancerous cells, the abiliry 
of tumor cells to divide and replicate may be inhibited. Additionally, there are 
nucleotides which do not form nucleic acid molecules, but rather serve as energy stores 

IS (i.e., AMP) or as coenzymes (i.e., FAD and NAD). 

Several publications have described the use of these chemicals for these medical 
indications, by influencing purine and/or pyrimidine metabolism (e.g. Christopherson, 
R.I. and Lyons, S.D. (1 990) "Potent inhibitors of de novo pyrimidine and purine 
biosynthesis as chemotherapeuric agents." Med Res. Reviews 10: 505-548). Studies of 

20 enzymes involved in purine and pyrimidine metabolism have been focused on the 

development of new drugs which can be used, for example, as immunosuppressants or 
anti-proliferants (Smith, J.L., (1995) "Enzymes in nucleotide synthesis." Curr. Opin. 
Struct. Biol. 5: 752-757; {.\99SyBiochem Soc. Transact. 23: 877-902). However, purine 
and pyrimidine bases, nucleosides and nucleotides have other utilities: as intermediates 

25 in the biosynthesis of several fine chemicals (e-g., thiamine, S-adenosy 1-methionine, 
folates, or riboflavin), as energy carriers for the cell (e.g., ATP or GTP), and for 
chemicals themselves, commonly used as flavor enhancers (e.g., IMP or GMP) or for 
several medicinal applications (see, for example, Kuninaka, A. (1 996) Nucleotides and 
Related Compounds in Biotechnology vol. 6, Rehm et al., eds. VCH: Weinheim, p. 561- 

30 612). Also, enzymes involved in purine, pyrimidine, nucleoside, or nucleotide 
metabolism are increasingly serving as Targets against which chemicals for crop 
protection, including fungicides, herbicides and insecticides, are developed. 

The metabolism of these compounds in bacteria has been characterized (for 
reviews see, for example, Zalkin, H. and Dixon, J.£. (1992) "de novo purine nucleotide 

35 biosynthesis", in: Progress in Nucleic Acid Research and Molecular Biology, vol. 42, 
Academic Press:, p. 259-287; and Michal, G. (1999) "Nucleotides and Nucleosides", 
Chapter 8 in: Biochemical Pathways: An Atlas of Biochemistry and Molecular Biology, 
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Wiley: "New York). Purine metabolism has been the subject of intensive research, and is 
essential to the normal functioning of the cell. Impaired purine metabolism in higher 
animals can cause severe disease, such as gout. Purine nucleotides are synthesized from 
. ribose-5-phosphate, in a series of steps through the intermediate compound inosine-5'- 
5 phosphate (IMP), resulting in the production of guanosine-5 ? -monophosphate (GMP) or 
adenosine-5 '-monophosphate (AMP), from which the triphosphate forms utilized as 
nucleotides are readily formed. These compounds are also utilized as energy stores, so 
their degradation provides energy for many different biochemical processes in the cell. 
Pyrimidine biosynthesis proceeds by the formation of uridine-S'-monophosphate (UMP) 
10 from ribose-5-phosphate. UMP, in turn, is convened to cytidine-S'-triphosphate (CTP). . 
The deoxy- forms of all of these nucleotides are produced in a one step reduction 
reaction from the diphosphate ribose form of the nucleotide to the diphosphate 
^ . deoxyribose form of the nucleotide. Upon phosphorylation, these molecules are able to 
participate in DNA synthesis. 

D. Trehalose Metabolism and Uses. 

Trehalose consists of two glucose molecules, bound in u, a-1,1 linkage. It is 
commonly used in the food industry as a sweetener, an additive for dried or frozen 
foods, and in beverages. However, it also has applications in the pharmaceutical, 
20 cosmetics and biotechnology industries (see, for example, Nishimoto et ah, ( 1 998) U.S. 
Patent No. 5,759,610; Singer, M.A. and Lindquist, S. {199*} Trends Biotech. 16: 460- 
467; Paiva, CX.A. and Panek, AD. (1 996) Biotech Ann. Rev. 2: 293-3 1 4; and 
Shiosaka, M. (1997) J. Japan 172: 97-102). Trehalose is produced by enzymes from 
many microorganisms and is naturally released into the surrounding medium, from 
25 which it can be collected using methods known in the art. 



* 



II. Membrane Biosynthesis and Transmembrane Transport 

Cellular membranes serve a variety of functions in a cell. First and foremost, a 
membrane differentiates the contents of a cell from the surrounding environment, thus 

30 giving integrity to the cell. Membranes may also serve as barriers to the influx of 
hazardous or unwanted compounds, and also to the efflux of desired compounds. 
Cellular membranes are by nature impervious to the unfacilitated diffusion of 
hydrophilic compounds such as proteins, water molecules and ions due to their structure: 
a bilayer of lipid molecules in which the polar head groups face outwards (towards the 

35 exterior and interior of the cell, respectively) and the nonpolar tails face inwards at the 
center of the bilayer, forming a hydrophobic core (for a general review of membrane 
structure and function, see Gennis, R.B. (1989) Biomemhranes, Molecular Structure and 
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Function, Springer: Heidelberg). This barrier enables cells to maintain a relatively 
higher concentration of desired compounds and a relatively lower concentration of 
undesired compounds than are contained within the surrounding medium, since the 
diffusion of these compounds is effectively blocked by the membrane. 
5 However, the membrane also presents an effective barrier to the import of desired 
compounds and the export of waste molecules. To overcome this difficulty, cellular 
membranes incorporate many kinds of transporter proteins which are able to facilitate 
the transmembrane transport of different kinds of compounds. There are two general 
classes of these transport proteins: pores or channels and transporters. The former are 

1 0 integral membrane proteins, sometimes complexes of proteins, which form a regulated . 
hole through the membrane. This regulation, or * gating' is generally specific to the 
molecules to be transported by the pore or channel, rendering these transmembrane 
constructs selectively permeable to a specific class of substrates; for example, a 
potassium channel is constructed such that only ions having a like charge and size to that 

1 5 of potassium may pass through. Channel and pore proteins tend to have discrete 
hydrophobic and hydrophilic domains, such that the hydrophobic face of the protein 
may associate with the interior of the membrane while the hydrophilic face lines the 
interior of the channel, thus providing a sheltered hydrophilic environment through 
which the selected hydrophilic molecule may pass. Many such pores/channels are 

20 known in the an, including those for potassium, calcium, sodium, and chloride ions. 

This pore and channel-mediated system of facilitated diffusion is limited to very 
small molecules, such as ions, because pores or channels large enough to permit the 
passage of whole proteins by facilitated diffusion would be unable to prevent the 
passage of smaller hydrophilic molecules as well. Transport of molecules by this process 

25 is sometimes termed 'facilitated diffusion* since the driving force of a concentration 
gradient is required for the transport to occur. Permeases also permit facilitated 
diffusion of larger molecules, such as glucose or other sugars, into the cell when the 
concentration of these molecules on one side of the membrane is greater than that on the 
other (also called "uniport'). In contrast to pores or channels, these integral membrane 

30 proteins (often having between 6-14 membrane-spanning a-helices) do not form open 
channels through the membrane, but rather bind to the target molecule at the surface of 
the membrane and then undergo a conformational shift such that the target molecule is 
released on the opposite side of the membrane. 

However, cells frequently require the import or export of molecules against the 

35 existing concentration gradient ('active transport'), a situation in which facilitated 
diffusion cannot occur. There are two general mechanisms used by cells for such 
membrane transport: symport or antiport, and energy-coupled transport such as that 
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mediated by The ABC transporters. Symport and antiport systems couple the movement 
of two different molecules across the membrane (via permeases having two separate 
binding sites for the two different molecules); in sympon, both molecules are 
transported in the same direction, while in antiport, one molecule is imported while the 
5 other is exported. This is possible energetically because one of the two molecules 
moves in accordance with a concentration gradient, and this energetically favorable 
event is permitted only upon concomitant movement of a desired compound against the 
prevailing concentration gradient. Single molecules may be transported across the 
membrane against the concentration gradient in an energy-driven process, such as that 

1 0 utilized by the ABC transponers. In this system, the transpon protein located in the 

membrane has an ATP-bmdihg cassette; upon binding of the target molecule, the ATP is 
converted to ADP + Pi, and the resulting release of energy is used to drive the 
movement of the target molecule to the opposite face of the membrane, facilitated by the 
transponer. For more detailed descriptions of all of these transpon systems, see: 

15 Bamberg, E. et al., (1993) "Charge transpon of ion pumps on lipid bilayer membranes' 1 , 
Q. Rev Biophys. 26: 1-25; f indlay, J.B.C. (1991 ) "Structure and function in membrane 
transpon systems", Curr Opin. Srrua. Biol. 1 :804-810; Higgins, C.F. (1992) "ABC 
transponers from microorganisms to man", Ann. Rev. Cell Biol. 8: 67-1 13; Gennis, R.B. 
(1989) "Pores, Channels and Transponers", in: Biomembranes, Molecular Structure and 

20 Function, Springer: Heidelberg, p. 270-322; and Nikaido, H. and Saier, H. ( 1 992) 

"Transpon proteins in bacteria: common themes in their design", Science 258: 936-942, 
and references contained within each of these references. 

The synthesis of membranes is a well-characterized process involving a number 
of components, the most important of which are lipid molecules. Lipid synthesis may 

25 be divided into two parts: the synthesis of fatty acids and their attachment to sn- 

glycerol-3-phosphate, and the addition or modification of a polar head group. Typical 
lipids utilized in bacterial membranes include phospholipids, glycolipids, sphingolipids, 
and phosphoglycerides. Fatty acid synthesis begins with the conversion of acetyl Co A 
either to malonyl CoA by acetyl CoA carboxylase, or to acetyl-ACP by 

30 acetyltransacylase. Following a condensation reaction, these two product molecules 
together form acetoacetyl-ACP, which is convened by a series of condensation, 
reduction and dehydration reactions to yield a saturated fatty acid molecule having a 
desired chain length. The production of unsaturated fatty acids from such molecules is 
catalyzed by specific desaiurases either aerobically, with the help of molecular oxygen, 

35 or anaerobically (for reference on fatty acid synthesis, see F.C. Neidhardt et al. (1 996) E. 
coli and Salmonella. ASM Press: Washington, D.C., p. 612-636 and references 
contained therein; Lengeler et al. (eds) (1999) Biology of Procaryotes. Thieme: 
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Sturtgart, New York, and references contained therein; and Magnuson, K. et al., (1993> 
Microbiological Reviews 57: 522-542, and references contained therein). The 
cyclopropane fatty acids (CFA)are synthesized by a specific CF A-synthase using SAM 
as a cosubstrate. Branched chain fatty acids are synthesized from branched chain amino 
5 acids that are deaminated to yield branched chain 2-oxo-acids (see Lengeler et al., eds. 
(1999) Biology of Procaryotes. Thieme: Stuttgart, New York, and references contained 
therein). Another essential step in lipid synthesis is the transfer of fatty acids onto the 
polar head groups by, for example, glycerol-phosphaie-acyltransferases. The 
combination of various precursor molecules and biosynthetic enzymes results in the 
10 production of different fatty acid molecules, which has a profound effect on the 
composition of the membrane. 




111. Elements and Methods of the Invention 



The present invention is based, at least in pan, on the discovery of novel 

15 molecules, referred to herein as MCT nucleic acid and protein molecules, which control 
the production of cellular membranes in C glu/amicum and govern the movement of 
molecules across such membranes. In one embodiment, the MCT molecules participate 
in the metabolism of compounds necessary for the construction of cellular membranes in 
C gluramicum, or in the transport of molecules across these membranes. In a preferred 

20 embodiment, the activity of the MCT molecules of the present invention to regulate 
membrane component production and membrane transport has an impact on the 
. production of a desired fine chemical by this organism. In a particularly preferred 
embodiment, the MCT molecules of the invention are modulated in activity, such that 
the C. glutamic urn metabolic pathways which the MCT proteins of the invention 

25 regulate are modulated in yield, production, and/or efficiency of production and the 
| transport of compounds through the membranes is altered in efficiency, which either 

directly or indirectly modulates the yield, production, and/or efficiency of production of 
a desired fine chemical by C glutamicum. 

The language, -MCT protein" or "MCT polypeptide" includes proteins which 

30 participate in the metabolism of compounds necessary for the construction of cellular 
membranes in C. glutamicum, or in the transport of molecules across these membranes. 
Examples of MCT proteins include those encoded by the MCT genes set forth in Table J 
and Appendix A. The terms "MCT gene" or "MCT nucleic acid sequence" include 
nucleic acid sequences encoding an MCT protein, which consist of a coding region and 

35 also corresponding untranslated 5' and 3' sequence regions. Examples of MCT genes 
include those set forth in Table 1 . The terms production" or ^productivity" are art- 
recognized and include the concentration of the fermentation product (for example, the 
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desired fine chemical) formed wiihin a given rime and a given fermentation volume 
(e.g., kg product per hour per liter). The term ^efficiency of production" includes the 
lime required for a particular level of production to be achieved (for example, how long 
it takes for the cell to attain a particular rate of output of a fine chemical). The term 

5 -yield" or product/carbon yield" is art-recognized and includes the efficiency of the 
conversion of the carbon source into the product (i.e., fine chemical). This is generally 
written as, for example, kg product per kg carbon source. By increasing the yield or 
production of the compound, the quantity of recovered molecules, or of useful recovered 
molecules of that compound in a given amount of culture over a given amount of time is 

10 increased. The terms "biosynthesis" or a "biosyntheiic pathway" are art-recognized and 
include the synthesis of a compound, preferably an organic compound, by a cell from 
intermediate compounds in what may be a multistep and highly regulated process. The 
terms "degradation" or a "degradation pathway" are art-recognized and include the 
breakdown of a compound, preferably an organic compound, by a cell to degradation 

15 products (generally speaking, smaller or less complex molecules) in what may be a 
multistep and highly regulated process. The language "metabolism" is art-recognized 
and includes the totality of the biochemical reactions that take place in an organism. 
The metabolism of a particular compound, then, (e.g., the metabolism of an amino acid 
such as glycine) comprises the overall biosynthetic, modification, and degradation 

20 pathways in the cell related to this compound. 

In another embodiment, the MCT molecules of the invention are capable of 
modulating the production of a desired molecule, such as a fine chemical, in a 
microorganism such as C gluramicum. There are a number of mechanisms by which 
the alteration of an MCT protein of the invention may directly affect the yield, 

25 production, and/or efficiency of production of a fine chemical from a C. glutamicum 
strain incorporating such an altered protein. Those MCT proteins involved in the export 
of fine chemical molecules from the cell may be increased in number or activity such 
that greater quantities of these compounds are secreted to the extracellular medium, 
from which they are more reaidily recovered. Similarly, those MCT proteins involved in 

30 the import of nutrients necessary for the biosynthesis of one or more fine chemicals 
(e.g., phosphate, sulfate, nitrogen compounds, etc.) may be increased in number or 
activity such that these precursor , cofactor, or intermediate compounds are increased in 
concentration within the cell, further, fatty acids and lipids themselves are desirable fine 
chemicals; by optimizing the activity or increasing the number of one or more MCT 

35 proteins of the invention which participate in the biosynthesis of these compounds, or by 
impairing the activity of one or more MCT proteins which are involved in the 
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degradation of these compounds, it may be possible to increase the yield, production, 
and/or efficiency of production of fatty acid and lipid molecules from C glutamicum. 

The mutagenesis of one or more MCT genes of the invention may also result in 
MCT proteins having altered activities which indirectly impact the production of one or 
5 more desired fine chemicals from C .glutamicum. for example, MCT proteins of the 
invention involved in the export of waste products may be increased in number or 
activity such that the normal metabolic wastes of the cell (possibly increased in quantity 
due to the overproduction of the desired fine chemical) are efficiently exported before 
they are able to damage nucleotides and proteins within the cell (which would decrease 

10 the viability of the cell> or to interfere with fine chemical biosynthetic pathways (which 
would decrease the yield, production, or efficiency of production of the desired fine 
chemical), further, the relatively large intracellular quantities of the desired fine 
chemical may in itself be toxic to the cell, so by increasing the activity or number of 
transporters able to export this compound from the ceil, one may increase the viability of 

15 the cell in culture, in turn leading to a greater number of cells in the culture producing 
the desired fine chemical. The MCT proteins of the invention may also be manipulated 
such that the relative amounts of different lipid and fatty acid molecules are produced. 
This may have a profound effect on the lipid composition of the membrane of the cell. 
Since each type of lipid has different physical properties, an alteration in the lipid 

20 composition of a membrane may significantly alter membrane fluidity. Changes in 
membrane fluidity can impact the transport of molecules across the membrane, as well 
as the integrity of the cell, both of which have a profound effect on the production of 
fine chemicals from C glutamicum in large-scale fermentative culture. 

The isolated nucleic acid sequences of the invention are contained within the 

25 genome of a Corynebacterium glutamicum strain available through the American Type 
Culture Collection, given designation ATCC 13032. The nucleotide sequence of the 
isolated C glutamicum MCT cDNAs and the predicted amino acid sequences of the C 
glutamicum MCT proteins are shown in Appendices A and B, respectively. . 
Computational analyses were performed which classified and/or identified these 

30 nucleotide sequences as sequences which encode proteins involved in the metabolism of 
cellular membrane components or proteins involved in the transport of compounds 
across such membranes. 

The present invention also pertains to proteins which have an amino acid 
sequence which is substantially homologous to an amino acid sequence of Appendix B. 

35 As used herein, a protein which has an amino acid sequence which is substantially 
homologous to a selected amino acid sequence is least about 50% homologous to the 
selected amino acid sequence, e.g., the entire selected amino acid sequence. A protein 
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which has an amino acid sequence which is substantially homologous to a selected 
amino acid sequence can also be least about 50-60%, preferably ai least about 60-70%, 
and more preferably at least about 70-80%, 80-90%, or 90-95%, and most preferably at 
least about 96%, 97%, 98%, 99% or more homologous to the selected amino acid 
5 sequence. 

The MCT protein or a biologically active portion or fragment thereof of the 
invention can participate in the metabolism of compounds necessary for the construction 
of cellular membranes in C. glviamicum, or in the transport of molecules across these 
membranes, or have one or more of the activities set forth in Table 1 . 
10 Various aspects of the invention are described in funher detail in the following 

subsections: 

A. Isolated Nucleic Acid Molecuits 

One aspect of the invention pertains to isolated nucleic acid molecules that 

15 encode MCT polypeptides or biologically active portions thereof, as well as nucleic acid 
fragments sufficient for use as hybridization probes or primers for the identification or 
amplification of MCT-encoding nucleic acid (e.g., MCT DNA). A* used herein, the 
term "nucleic acid molecule" is intended to include DNa molecules (e.g., cDNA or 
genomic DNA) and RNA molecules (e.g., mRNA) andanaiogs of the DNA or RNA 

20 generated using nucleotide analogs. This term also encompasses untranslated sequence 
located at both the 3* and 5* ends of the coding, region of the gene: at least about 100 
nucleotides of sequence upstream from the 5' end of the coding region and at least about 
20 nucleotides of sequence downstream from the 3'end of the coding regionof the gene. 
The nucleic acid molecule can be single-stranded or double-stranded, but preferably is 

25 double-stranded DNA. An "isolated" nucleic acid molecule is one which is separated 
from other nucleic acid molecules which are present in the natural source of the nucleic 
acid. Preferably, an "isolated" nucleic acid is free of sequences which naturally flank 
the nucleic acid (i.e., sequences located at the 5' and 3 r ends of the nucleic acid) in the 
genomic DNA of the organism from which the nucleic acid is derived. For example, in 

30 various embodiments, the isolated MCT nucleic acid molecule can contain less than 
about 5 kb, 4kb f 3kb, 2kb, 1 kb, 0.5 kb or 0.1 kb of nucleotide sequences which 
naturally flank the nucleic acid molecule in genomic DNA of the cell from which the 
nucleic acid is derived (e.g, a C gluramicum cell). Moreover, an "isolated" nucleic acid 
molecule, such as a cDNA molecule, can be substantially free of other cellular material, 

35 or culture medium when produced by recombinant techniques, or chemical precursors or 
other chemicals when chemically synthesized. 
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A nucleic acid molecule of the present invention, e.g., a nucleic acid molecule 
having a nucleotide sequence of Appendix A, or a ponion thereof, can be isolated using 
standard molecular biology techniques and the sequence information provided herein. 
For example, a C glutamicum MCT cDNA can be isolated from a C gluiumicum library 
5 using all or ponion of one of the sequences of Appendix A as a hybridization probe and 
standard hybridization techniques (e.g., as described in Sambrook, J., f ritsh, E. F., and 
Maniatis, T. Molecular Cloning: A Laboratory Manual. 2nd. ed, Cold Spring Harbor 
Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989). 
Moreover, a nucleic acid molecule encompassing all or a portion of one of the sequences 

10 of Appendix A can be isolated by the polymerase chain reaction using oligonucleotide 
primers designed based upon this sequence (e.g., a nucleic acid molecule encompassing 
all or a portion of one of the sequences of Appendix A can be isolated by the polymerase 
chain reaction using oligonucleotide primers designed based upon this same sequence of 
Appendix A). For example, mRNA can be isolated from normal endothelial cells (e.g., 

15 by the guaitidinium-thiocyanate extraction procedure of Chirgwin et al. ( 1 979) 

Biochemistry 1 8: 5294-5299) and cDN A can be prepared using reverse transcriptase 
(e.g., Moloney MLV reverse transcriptase, available from Gibco/BRL, Bethesda, MD; 
or AMV reverse transcriptase, available from Seikagaku America, Inc., St. Petersburg, 
f L). Synthetic oligonucleotide primers for polymerase chain reaction amplification can 

20 be designed based upon one of the nucleotide sequences shown in Appendix A. A 
nucleic acid of the invention can be amplified using cDN A or, alternatively, genomic 
DNA, as a template and appropriate oligonucleotide primers according to standard PCR 
amplification techniques. The nucleic acid so amplified can be cloned into an 
appropriate vector and characterized by DNA sequence analysis. Furthermore, 

25 oligonucleotides corresponding to an MCT nucleotide sequence can be prepared by 
standard synthetic techniques, e.g., using an automated DNA synthesizer. 

In a preferred embodiment, an isolated nucleic acid molecule of the invention 
comprises one of the nucleotide sequences shown in Appendix A. The sequences of 
Appendix A correspond to the Corynebacterium glutamicum MCT cDNAs of the 

30 invention. This cDNa comprises sequences encoding MCT proteins (i.e., "the coding 
region 11 , indicated in each sequence in Appendix A), as well as 5' untranslated sequences 
and 3* untranslated sequences, also indicated in Appendix A. Alternatively, the nucleic 
acid molecule can comprise only the coding region of any of the sequences in Appendix 
A. 

35 For the purposes of this application, it will be understood that each of the 

sequences set forth in Appendix A has an identifying RXA number having the 
designation "RXA" followed by 5 digits (i.e., RXA00001). Each of these sequences 
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comprises up to three pans: a 5* upstream region, a coding region, and a downstream 
region. Each of these three regions is identified by the same RXA designation to 
eliminate confusion. The recitation "one of the sequences in Appendix A", then, refers 
to any of the sequences in Appendix A, which may be distinguished by their differing 
5 RXA designations. The coding region of each of these sequences is translated into a 
corresponding amino acid sequence, which is set forth in Appendix B. The sequences of 
Appendix B are identified by the same RXA designations as Appendix A, such that they 
can be readily correlated, for example, the amino acid sequence in Appendix B 
designated RXA00001 is a translation of the coding region of the nucleotide sequence of 

1 0 nucleic acid molecule RXA00001 in Appendix A. 

In one embodiment, the nucleic acid molecules of the present invention are not 
intended to include those compiled in Table 2. In the case of the dapD gene, a sequence 
for this gene was published in Wehrmann, A., et al. (1998) 7. Bacterial 180(12): 3159- 
3165. However, the sequence obtained by the inventors of the present application is 

1 5 significantly longer than the published version, it is believed that the published version 
relied on an incorrect start codon, and thus represents only a fragment of the actual 
coding region. 

In another preferred embodiment, an isolated nucleic acid molecule of the 
invention comprises a nucleic acid molecule which is a complement of one of the 

20 nucleotide sequences shown in Appendix A, or a portion thereof. A nucleic acid 
molecule which is complementary to one of the nucleotide sequences shown in 
Appendix A is one which is sufficiently complementary to one of the nucleotide 
sequences shown in Appendix A such that it can hybridize to one of the nucleotide 
sequences shown in Appendix A, thereby forming a stable duplex. 

25 In still another preferred embodiment, an isolated nucleic acid molecule of the 

invention comprises a nucleotide sequence which is at least about 50-60%, preferably at 
least about 60-70%, more preferably at least about 70-80%, 80-90%, or 90-95%, and 
even more preferably at least about 95%, 96%, 97%, 98%, 99% or more homologous to 
a nucleotide sequence shown in Appendix A, or a portion thereof. In an additional 

30 preferred embodiment, an isolated nucleic acid molecule of the invention comprises a 
nucleotide sequence which hybridizes, e.g., hybridi2es under stringent conditions, to one 
of the nucleotide sequences shown in Appendix A, or a portion thereof. 

Moreover, the nucleic acid molecule of the invention can comprise only a 
portion of the coding region of one of the sequences in Appendix A, for example a 

35 fragment which can be used as a probe or primer or a fragment encoding a biologically 
active portion of an MCT protein. The nucleotide sequences determined from the 
cloning of the MCT genes from C. gluramicum allows for the generation of probes and 
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primers designed for use in identifying and/or cloning MCT hornologues in other cell 
types and organisms, as well as MCT hornologues from other Corynebacieria or related 
species. The probe/primer typically comprises substantially purified oligonucleotide. 
The oligonucleotide: typically comprises a region of nucleotide sequence that hybridizes 
5 under stringent conditions to at least about 12, preferably about 25, more preferably 
about 40, 50 or 75 consecutive nucleotides of a sense strand of one of the sequences set 
forth in Appendix A, an anti-sense sequence of one of the sequences set forth in 
Appendix A, or naturally occurring mutants thereof. Primers based on a nucleotide 
.sequence of Appendix A can be used in PGR reactions to clone MCT hornologues. 

10 Probes based on the MCT nucleotide sequences can be used to detect transcripts or 
genomic sequences encoding the same or homologous proteins. In preferred 
embodiments, the probe further comprises a label group attached thereto, e.g. the label 
■ group can be a radioisotope, a fluorescent compound, an enzyme, or an enzyme co- 

factor. Such probes can be used as a pan of a diagnostic test kit for identifying cells 

15 which misexpress an MCT protein, such as by measuring a level of an MCT-encoding 
nucleic acid in a sample of cells, e.g., detecting MCT mRNA levels or determining 
whether a genomic MCT gene has been mutated or deleted. 

In one embodiment, the nucleic acid molecule of the invention encodes a protein 
or portion thereof which includes an amino acid sequence which is sufficiently 

20 homologous to an amino acid sequence of Appendix B such that the protein or portion 
thereof maintains the ability to participate in the metabolism of compounds necessary 
for the construction of cellular membranes in C gluiamicum, or in the transport of 
molecules across these membranes. As used herein, the language "sufficiently 
homologous" refers to proteins or portions thereof which have amino acid sequences 

25 which include a minimum number of identical or equivalent (e.g., an amino acid residue 
: Jj£. which has a similar side chain as an amino acid residue in one of the sequences of 

Appendix B) amino acid residues to an amino acid sequence of Appendix B such that 
the protein or portion thereof is able to participate in the metabolism of compounds 
necessary for the construction of cellular membranes in C gluiamicum, or in the 

30 transport of molecules across these membranes. Protein members of such membrane 
component metabolic pathways or membrane transport systems, as described herein, 
may play a role in the production and secretion of one or more fine chemicals. 
Examples of such activities are also described herein. Thus, 'the function of an MCT 
protein" contributes either directly or indirectly to the yield, production, and/or 

35 efficiency of production of one or more fine chemicals. Examples of MCT protein 
activities are set forth in Table 1. 
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In another embodiment, ihe protein is ax least about 50-60%, preferably ax least 
about 60-70%, and more preferably ax least about 70.-80%, 80-90%, 90-95%, and most 
preferably ai least about 96%, 97%, 98%, 99% or more homologous to an entire amino 
acid sequence of Appendix B. 
5 Portions of proteins encoded by the MCT nucleic acid molecules of the invention 

are preferably biologically active portions of one of the MCT proteins. As used herein, 
the term ''biologically active portion of an MCT protein" is intended to include a 
portion, e.g., a domain/motif, of an MCT protein that participates in the metabolism of 
compounds necessary for the construction of cellular membranes in C. gluramicum, or in 
10 the transport of molecules across these membranes, or has an activity as set forth in 

Table- 1 . To determine whether an MCT protein or a biologically active portion thereof 
can participate in the metabolism of compounds necessary for the construction of 
cellular membranes in C. gluramicum, or in the transport of molecules across these 

membranes, an assay of enzymatic activity may be performed. Such assay methods are 

i 

15 well known to those skilled in the an, as detailed in Example 8 of the Exemplification. 

Additional nucleic acid fragments encoding biologically active portions of an 
MCT protein can be prepared by isolating a portion of one of the sequences in Appendix 
B, expressing the encoded * portion of the MCT protein or peptide (e.g., by recombinant 
expression in viiro) and assessing the activity of the encoded portion of the MCT protein 

20 or peptide. 

The invention further encompasses nucleic acid molecules that differ from one of 
the nucleotide sequences shown in Appendix A (and portions thereof) due to degeneracy 
of the genetic code and thus encode the same MCT protein as that encoded by the 
nucleotide sequences shown in Appendix A. In another embodiment, an isolated nucleic 

25 acid molecule of the invention has a nucleotide sequence encoding a protein having an 
amino acid sequence shown in Appendix B. In a still further embodiment, the nucleic 
acid molecule of the invention encodes a full length C giuiamivum protein which is 
substantially homologous to an amino acid sequence of Appendix B (encoded by an 
open reading frame shown in Appendix A). 

30 In addition to the C. gluiamicum MCT nucleotide sequences shown in Appendix 

A, it will be appreciated by those skilled in the an that DNA sequence polymorphisms 
that lead to changes in the amino acid sequences of MCT proteins may exist within a 
population (e.g., the C glutamicum population). Such genetic polymorphism in the 
MCT gene may exist among individuals within a population due to natural variation. As 

35 used herein, the terms "gene" and "recombinant gene" refer to nucleic acid molecules 
comprising an open reading frame encoding an MCT. protein, preferably a C 
gluiamicum MCT protein. Such natural variations can typically result in 1-5% variance 



-24 - 



in ihe nucleotide sequence of the MCT gene. Any and all such nucleotide variations and 
resulting amino acid polymorphisms in MCT that are the result of natural variation and 
thai do noi alter the functional activity of MCT proteins are intended to be within the 
scope of the invention. 

5 Nucleic acid molecules corresponding to natural variants and non-C glut ami cum 

homologues of the C glutamicum MCT cDNA of the invention can be isolated based on 
their homology to the C glutamicum MCT nucleic acid disclosed herein using the C 
glutamicum cDNa, or a portion thereof, as a hybridization probe according to siandard 
hybridization techniques under stringent hybridization conditions. Accordingly, in 

10 another embodiment, an isolated nucleic acid molecule of the invention is at least 1 5 
nucleotides in length and hybridizes under stringent conditions to the nucleic acid 
molecule comprising a nucleotide sequence of Appendix A. In other embodiments, the 
nucleic acid is at least 30, 50, 1 00, 250 or more nucleotides in length. As used herein, 
the term "hybridizes under stringent conditions" is intended to describe conditions for 

1 5 hybridization and washing under which nucleotide sequences at least 60% homologous 
to each other typically remain hybridized to each other. Preferably, the conditions are 
such that sequences at least about 65%, more preferably at least about 70%, and even 
more preferably at least about 75% or more homologous to each other typically remain 
hybridized to each other. Such stringent conditions are known to those skilled in the an 

20 and can be found in Current Protocols in Molecular Biology, John Wiley & Sons, N. Y. 
(1989), 6.3.1-6.3.6. A preferred, non-limiting example of stringenx hybridization 
conditions are hybridization in 6X sodium chloride/sodium citrate (SSC) at about 45°C, 
followed by one or more washes in 0.2 X SSC, 0.1% SDS at 50-65°C. Preferably, an 
isolated nucleic acid molecule of the invention that hybridizes under stringent conditions 

25 to a sequence of Appendix A corresponds to a naturally-occurring nucleic acid 

molecule. As used herein, a "naturally-occurring" nucleic acid molecule refers to an 
RNa or DN A molecule having a nucleotide sequence that occurs in nature (e.g., 
encodes a natural protein). In one embodiment, the nucleic acid encodes a natural C 
glutamicum MCT protein. 

30 In addition to naturally-occurring variants of the MCT sequence that may exist in 

the population, the skilled artisan will further appreciate that changes can be introduced 
by mutation into a nucleotide sequence of Appendix A, thereby leading to changes in the 
amino acid sequence of the encoded MCT protein, without altering the functional ability 
of the MCT protein. For example, nucleotide substitutions leading to amino acid 

35 substitutions at "non-essential" amino acid residues can be made in a sequence of 

Appendix A. A "non-essential" amino acid residue is a residue that can be altered from 
the wild-type sequence of one of the MCT proteins (Appendix B) without altering the 
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activity of said MCT protein, whereas an "essential" amino acid residue is required for . 
MCT protein activity. Other amino acid residues, however, (e.g., those that are not 
conserved or only semi-conserved in the domain having MCT activity) may not be 
essential for activity and thus are likely to be amenable to alteration without altering 
5 MCT activity. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 
encoding MCT proteins that contain changes in amino acid residues that are not 
essential for MCT activity. Such MCT proteins differ in amino acid sequence from a 
sequence contained in Appendix B yet retain at least one of the MCT activities 

1 0 described herein. In one embodiment, the isolated nucleic acid molecule comprises a 
nucleotide sequence encoding a protein, wherein the protein comprises an amino acid 
sequence at least about 50% homologous to an amino acid sequence of Appendix B and 
is capable of participate in the metabolism of compounds necessary for the construction 
of cellular membranes in C. glutamicum, or in the transport of molecules across these 

1 5 membranes, or has one or more activities set forth in Table 1 . Preferably, the protein 
. encoded by the nucleic acid molecule is at least about 50-60% homologous to one of the 
sequences in Appendix B, more preferably at least about 60-70% homologous to one of 
the sequences in Appendix B, even more preferably at least about 70-80%, 80-90%, 90- 
95% homologous to one of the sequences in Appendix B, and most preferably at least 

20 about 96%, 97%, 98%, or 99% homologous to one of the sequences in Appendix B. 

To determine the percent homology of two amino acid sequences (e.g., one of 
the sequences of Appendix B and a mutant form thereof) or of two nucleic acids, the 
sequences are aligned tor optimal comparison purposes (e.g., gaps can be introduced in 
the sequence of one protein or nucleic acid for optimal alignment with the other protein 

25 or nucleic acid). The amino acid residues or nucleotides at corresponding amino acid 
positions or nucleotide positions are then compared. When a position in one sequence 
(e.g., one of the sequences of Appendix B) is occupied by the same amino acid residue 
or nucleotide as the corresponding position in the other sequence (e.g., a mutant form of 
the sequence selected from Appendix B), then the molecules are homologous at that 

30 position (i.e., as used herein amino acid or nucleic acid "homology" is equivalent to 
amino acid or nucleic acid "identity"). The percent homology between the two 
sequences is a function of the number of identical positions shared by the sequences 
(i.e., % homology - # of identical positionsAotal # of positions x 100). 

An isolated nucleic acid molecule encoding an MCT protein homologous to a 

35 protein sequence of Appendix B can be created by introducing one or more nucleotide 
substitutions, additions ot deletions into a nucleotide sequence of Appendix a such that 
one or more amino acid substitutions, additions or deletions are introduced into the 
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encoded protein. Mutations can be introduced into one of the sequences of Appendix A 
by standard techniques, such as site-directed mutagenesis and PCR-mediated 
mutagenesis. Preferably, conservative amino acid substitutions are made at one or more 
predicted non-essential amino acid residues. A -conservative amino acid substitution" is 
one in which the amino acid residue is replaced with an amino acid residue having a 
similar side chain. Families of amino acid residues having similar side chains have been 
defined in the art. These families include amino acids with basic side chains (e.g., 
lysine, arginine, hisridine), acidic side chains (e.g., aspartic acid, glutamic acid), 
uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, 
tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, 
proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., 
threonine, valine, isoleucine) and aromauc side chains (e.g., tyrosine, phenylalanine 
tryptophan, hisridine).. Thus, a predicted nonessential amino acid residue in an MCT 
protein is preferably replaced with another amino acid residue from the same side chain 
family. Alternatively, in another embodiment, mutations can be introduced randomly 
along all or part of an MCT coding sequence, such as by saturation mutagenesis, and the 
resultant mutants can be screened for an MCT activity described herein to identify 
mutants that retain MCT activity. Following mutagenesis of one of the sequences of 
Appendix A. the encoded protein can be expressed recombinant* and the activity of the 
protein can be determined using, for example, assay s described herein (see Example 8 of 

the Exemplification). 

In addition to the nucleic acid molecules encoding MCT proteins described 
above another aspect of the invention pertains to isolated nucleic acid molecules which 
are amisense thereto. An "amisense" nucleic acid comprises a nucleotide sequence 
which is complementary to a "sense" nucleic acid encoding a protein, e.g., 
complementary to the coding strand of a double-stranded cDNA molecule or 
complementary to an mRNA sequence. Accordingly, an antisense nucleic acid can 
hydrogen bond to a sense nucleic acid. The amisense nucleic acid can be 
complementary to an entire MCT coding strand, or to only a portion thereof. In one 
embodiment, an amisense nucleic acid molecule is amisense to a "coding region" of the 
coding strand of a nucleotide sequence encoding an MCT protein. The term "coding 
region" refers to the region of the nucleotide sequence comprising codons which are 
^slated into amino acid residues (e.g., the entire coding region of SEQ ID BXA00001 
comprises nucleotides 1 to 1 128). In another embodiment, the amisense nucleic acid 
I molecule is amisense to a "noncoding region" of the coding strand of a nucleotide 
sequence encoding MCT. The term "noncoding region" refers to 5' and 3' sequences 
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which flank The coding region that are not translated into amino acids (i.e., also referred 
to as 5* and 3' untranslated regions). 

Given the coding strand sequences encoding MCT disclosed herein (e.g.. the 
sequences set forth in Appendix A), antisense nucleic acids of the invention can be 
5 designed according to the rules of Watson and Crick base pairing. The antisense nucleic 
acid molecule can be complementary to the entire coding region of MCT mRNA, but 
more preferably is an oligonucleotide which is antisense to only a portion of the coding 
or noncoding region of MCT mRNA. For example, the antisense oligonucleotide can be 
complementary to the region surrounding the Translation start site of MCT mRNA. An 
10 antisense oligonucleotide can be, for example, about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 
50 nucleotides in length. An antisense nucleic acid of the invention can be constructed 
using chemical synthesis and enzymatic ligation reactions using procedures known in 
the art. For example, an antisense nucleic acid (e.g.. an antisense oligonucleotide) can 
be chemically synthesized using naturally occurring nucleotides or variously modified 
15 nucleotides designed to increase the biological stability of the molecules or to increase 
the physical stability of the duplex formed between the antisense and sense nucleic 
acids, e.g., phosphorothioate derivatives and acridine substituted nucleotides can be 
used.' Examples of modified nucleotides which can be used to generate the antisense 
nucleic acid include 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, 
20 hypoxanthine, xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5- 
carboxymeihylaminomethyl.2-thiouridine, 5-carboxymethylaminomethyluraciK 
dihydrouracil, beta-D-galactosylqueosine, inosine, N6-isopentenyladenine, 1-. 
methylguanine, 1 -methy linosine, 2,2-dimeihylguanine, 2-methyladenine, 2- 
methylguanine, 3-methylcytosine, 5-meihylcytosine, N6-adenine, 7-methylguanine, 5- 
25 methylaminomemyluraciU5-methoxyammomemyl-2-thiouracil,bet 

mannosylqueosine, 5'-methoxycarboxymethyluracil, 5-methoxyuracil, 2^methylthio-N6- 
isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 
2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5- 
, oxyacetic acid mexhylester, uracil-5-oxy acetic acid (v), 5.methyl-2-thiouracil, 3-(3- 
30 amino-3-N-2-carboxypropyl) uracil, (ac P 3)w, and 2,6-diaminopurine. Alternatively, the 
antisense nucleic acid can be produced biologically using an expression vector into 
which a nucleic acid has been subcloned in an antisense orientation (i.e., RNA 
transcribed from the inserted nucleic acid will b, of an antisense orientation to a target 
nucleic acid of interest, described further in the following subsection). 
35 The antisense nucleic acid molecules of the invention are typically administered 

to a cell or generated in situ such that they hybridize with or bind to cellular mRNA 
and/or genomic DNA encoding an MCT protein to thereby inhibit expression of the 
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protein, e.g., by inhibiting transcription and/or translation. The hybridization can be by 
conventional nucleotide complementarity to form a stable duplex, or, for example, in the 
case of an antisense nucleic acid molecule which binds to DNA duplexes, through 
specific interactions in the major groove of the double helix. The antisense molecule can 
be modified such that it specifically binds to a receptor or an antigen expressed on a 
selected ceil surface, e.g., by linking the antisense nucleic acid molecule to a peptide or 
an antibody which binds to a cell surface receptor or antigen. The antisense nucleic add 
molecule can also be delivered to cells using the vectors described herein. To achieve 
sufficient intracellular concentrations of the antisense molecules, vector constructs in 
which the antisense nucleic acid molecule is placed under the control of a strong pol 11 
or pol 111 promoter are preferred. 

In yet another embodiment, the antisense nucleic acid molecule of the invention 
is an a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms 
specific double-stranded hybrids with complementary RNA in which, contrary to the 
1 5 usual P-units, the strands run parallel to each other (Gauitier et al. (1 987) Nucleic Acids. 
Res 15:6625-6641). The antisense nucleic acid molecule can also comprise a 2'-o- 
methytribonucleotide (lnoue et al. (1 987) Nucleic Acids Res 15:6131-6148) or a 
chimeric RN A-DNA analogue (lnoue etal. (1987) FEBSLeit 215:327-330). 

In still another embodiment, an antisense nucleic acid of the invention is a 
20 ribozyme. Ribozymes are catalytic RNA molecules with ribonuclease activity which are 
capable of cleaving a single-stranded nucleic acid, such as an mRNA, to which they 
have a complementary region: Thus, ribozymes (e.g., hammerhead ribozymes 
(described in Haselhoff and Gerlach (!988>JvW 334:585-591)) can be used to 
catalytically cleave MCT mRNA transcripts to thereby inhibit translation of MCT 
25 mRNA. A ribozyme having specificity for an MCT-encoding nucleic acid can be 

designed based upon the nucleotide sequence of an MCT cDNA disclosed herein (i.e., 
RXA00001 in Appendix A>. For example, a derivative of a Terrahymena L-19 1VS 
RNA can be constructed in which the nucleotide sequence of the active site is 
complementary to the nucleotide-sequence to be cleaved in an MCT-encoding mRNA. 
30 See e g.. Cech et al. U.S. Patent No. 4,987,071 and Cech et al. U.S. Patent No. 

5 1 16 742. Alternatively, MCT mRNA can be used to select a catalytic RNA having a 
specific ribonuclease activity from a pool of RNA molecules. See, e.g., Barrel, D. and 
Szostak, J W. (1993) Science 261:141 1-1418. 

Alternatively, MCT gene expression can be inhibited by targeting nucleotide 
35 sequences complementary to the regulatory region of an MCT nucleotide sequence (e.g. 
an MCT promoter and/or enhancers) to form triple helical structures that prevent 
transcription of an MCT gene in target cells. See generally, Helene, C. (1991 ) 



Anticancer Drug Des. 6(6):569-84; Helene, C. ei al, ( 1 992) Ann. N. Y. Acad. ScL 660:27- 
36; and Maher, LJ. (1992) Bioassays 14(12):807-15. 



B Recombinant Expression Vectors and Host Cells 

Another aspect of the invention pertains to vectors, preferably expression 
vectors, containing a nucleic acid encoding an MCT protein (or a portion thereof). As 
used herein, the tenn "vector" refers to a nucleic acid molecule capable of transporting 
another nucleic acid to which it has been linked. One type of vector is a "plasmid", 
which refers to a circular double stranded DNA loop into which additional DNA 
segments can be ligaied. Another type of vector is a viral vector, wherein additional 
DNA segments can be ligated into the viral genome. Certain vectors are capable of 
autonomous replication in a host cell into which they are introduced (e.g., bacterial 
vectors having a bacterial origin of replication and episomal mammalian vectors). Other 
vectors (e.g., non-episomal mammalian vectors) are integrated into the genome* of a host 
cell upon introduction into the host cell, and thereby are replicated along with the host 
genome. Moreover, certain vectors are capable of directing the expression of genes to 
which they are operatively linked. Such vectors are referred to herein as "expression 
vectors". In general, expression vectors of utility in recombinant DNA techniques are 
often in the form of plasmids. In the present specification, "plasmid" and "vector" can 
be used interchangeably as the plasmid is the most commonly used form of vector. 
However, the invention is intended to include such other forms of expression vectors, 
such as viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno- 
associated viruses)* which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of 
the invention in a form suitable for expression of the nucleic acid in a host cell, which 
means that the recombinant expression vectors include one or more regulatory 
sequences, selected on the basis of the host cells to be used for expression, which is 
operatively linked to the nucleic acid sequence to be expressed. Within a recombinant 
expression vector, "operably linked" is intended to mean that the nucleotide sequence of 
interest is linked to the regulatory sequence(s) in a manner which allows for expression 
of the nucleotide sequence (e.g., in an in vitro transcription/translation system or in a 
host cell when the vector is introduced into the host cell). The term "regulaiory 
sequence" is intended to include promoters, enhancers and other expression control 
elements (e.g., polyadenylation signals). Such regulatory sequences are described, for 
example, in Goeddel; Gene Expression Technology: Methods in Enzymology 1 85, 
Academic Press, San Diego, CA (1990). Regulatory sequences include those which 
direct constitutive expression of a nucleotide sequence in many types of host cell and 



15 



to ^ch direa expression of The nucleotide sequence only in certain host cells Ii 
wUl be appeared b y .hose skilled in the an th* the design of the exp^™ can 
depend on such factors as the choice of the host cell to be transformed the level o7 
expresstonofproteindesired.etc. The expression vectors of the invention ant 
5 -oduced^ohosxcellstotherebyproduce™ 

proteins or pepndes, encoded by nucleic acids as described herein (e g MCT protein. 
- mutant forms of MCT proteins, fusion proteins, etc.). ' 
Tne recombinant expression vectors of the invention can be designed for 
expression of MCT proteins inprokaryotic or eukaryotic cell, For example, MCT 
10 genes can be expressed in bac*ri*cells such as C g lu tQmicum , insect cells usinc 
. bac^ovirus expression vectors), yeast and other fungal cells (see Romanes, M.A.'et al. 

c 7Z r t 6ene eXPreSSiOD * yCaSt: " reVieW "' W 8: 423 " 488 ' vm den Hondel 
Ge M " HCICTOl ° gOUS ^ — - nlamentous fungi" m: M 0 « 

Gene Manipulanons in Fungi, J.W. Bennet * L.L. Lasure. eds., p. 396-428 Academ c 

s^ tern a f HOndd ' C A M JJ - * "Oene tr^T 

7f?Z tb V T; ^ ^ fiIameMOUS Ap ^ d ***** Genetics 

of Fungi Peberdy, J.f . et al, eds., p. 1-28. Cambridge University Press: Cambridge). 

algae and multicellular plant cells (see Schmidt, R. and Willmitzer, L. (1988)Hign ' 

efhciency 4*. n,™/^ -mediated .reformation of AnfiUhp* 

-0 Mona leaf and cotyledon explants" Plan: Cell Re P , 583-586), or mammalian cells 

Suitable host cells are discussed further in Goeddel, Gene Egression Technology- ' 

r^f ^ 
recombmant expression vector can be transcribed and translated /* Vara, for exanJe 
using T7 promoter regulatory sequences and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried out with vectors 
containing constitutive or inducible promoters directing the expression of either fusion 
ornon-fusionproteins. Fusion vectors add a number of amino acids to a protein 
encoded therein, usually to the amino terminus of the recombinant protein bur also to the 
C-tennmus or fused within suitable regions in the proteins. Such fusion vectors 
rypically serve three purposes: 1) to increase expression of recombinant protein; 2) to 

~nlV 01 K ° fXh£ reC ° mbmam ^ 3) » » ***** of the 

recombinant protem by aenng as a ligand in affinity purification. Often, in fusion 

expression vectors, a proteolytic cleavage site is introduced at the junction of the fusion 

moiety and the recombinant protein to enable separation of the recombinant protein 

from the fusion moiety subsequent to purification of the fusion protein. Such enzymes, 

and their cognate recognition sequences, include Faaor Xa, thrombin and enierokinase 
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Typical fusion expression vectors include pGEX (Pha™*™ «• v . 
D.B. and Johnson. K S nosex r> ^ , , (Pharmacia Bioiech inc; Smith, 

oTrc , 4 &£anP " S ° f SUiBble inducibk "O""^" £ «»/. expression vectors include 

IS pnTT * S " ^ ex P rcssi0 ° ft»n> the pTrc vector relies on host 

^'7^™ *- a hybrid tr^ac fi^ ^ ° e " n h ; SI 

express fton, the pET lid vector relies on ascription from a 17 g„,0 , c on 
Poorer medtated by , coe „, vira) ^ A ' -on 

polymerase ,s supphed by hos, snains BJ.2HDE3) or HMS1741DE3 fil •.. 
pronhaue harbori™ * ti - > 74(DE3j from a residem X 

20 Proper Bene under rhetranscripdonal control ofhehcUV 5 

One strategy to maximize recombinant protein expression is to express the 
TO. . - a host baoeria with an impaired capacity to proteolyticaUy del * 
«combtnan, P ro,e,„ (Gonesman, S., C.„e^ sslo „ Techmhgy: * ™ 
E^molog, 185, Academic Press. San Diego, California (1990H 19 imT* k 
» -V is to aher the nucleic acid seouence of the nude c Z o L i^m £ 
express™ vector so *a, the individual codons for each amino acid Je^L 

seo^ "• ( ' 9ft2) ^" c ^-««- «M 1 1-21 !«. Such alteration of nucleic acid 

In another embodtment, me MCT protein expression vector is a yeas, exL t„ 
vector. Exampies of vectors for expression in yeast S « rtviBK inc ^ p S 

' J 943J ' pJRY8S ( Schu Jtz « al., (1987) Ce/.e 54:1 13-P3) and nYES? . in^ 
C^ranon San Diego, CA). V c ^ mMm ^^ ^ 

van den Hondeh C.A.MJJ. £ Pun,, P.J. (,»„ -Gene transfer Systems and vector 



y, w.. eas., p. 1-28, Cambridge University Press: Cambridge 
AHemanvely, the MCT proteins of ihe invention can be^xJU a • • 
usang baculovirus expression vector, *c*^J^*£^ m ™"*> 
5 proteins in cultured insect cells f e . Wo . n . , t avaiIabJe fo ' expression of 
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plant bmary vectors wtth selectable markers located proximal t0 the left border- 2- 
Mot. Biol. 20: U95-119?; and Bevan,M.W f 1984i "Bin.T/1 7 
Plant transformanon^,,/,^.^ 
15 In yet another embodiment, a nucleic acid of the invention is expressed in 

mammahan cells using a mammalian expression vector Examn.l f , 
« vectors include P CDM8 (Seel, B. ( 

(Kavaimanetai.(1987)£A^d)J 6 187.195» ^« »o pivii 

_ ° i8/ -i^; when used in mamma ian cells the 

example, commonly used promoters are derived from polyoma. Adenovirus •> 

profeuyoncandeukaryonceelbseechapttraloand nofSambrook J Fritsh E F 
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(e. S , me neurofilament promoter. Byrne and Ruddle (1989; PNAS 86 ,5473-5477, 

rr^T 6 ^'" (EdlUnd " (19 « 5 >**"« 230:912-916,. andmammary 
gland-specrfic promoters (e.g.. milk whey promoter; U.S. Patent No. 4,873 3.6 and 
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European Application PuMicaaon No. 264 166 1 n. i 

ere also encompassed, for examole dL „ k Devel0f,mana "^Suia,ed promoters 
249:374-379) a^ to * P™»"« ( Wand Cross (J990J 

^^.3:537.546, ^ ^'^^•^■Wamam 
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- continuous ^J^^S^ " ^ ^ WhiCh *~ 
instance viral promos and/or cnhance ^ ^t^o ' °' "» 

direct constitutive, tissue ^cif.^ZT'Z T * ** A ° Xn whidl 

n .olecu,ar,oo,for e eneticana 1 vsis,^vie W . W* G ,„„ to . 

20 A^^^Pectofda invention pertains ,o host cells im n u.K • k (,) ' 98 f 

expression vector of *e invendon ta ^ ^ ^ . 

Ztf™ T ^ ^ '> *L d* t si 

Elated B«al " " r**" ,0 ** ~ or potential progeny 

30 mammauanceHsl.sncna, ^ ^^2^0^'^" 
suitable host cells are known to those skilled indie an. M^roorgmisms related^ 6 ' 

c^ta,.*,*, whichma> beconvtnira[ly UMd LhoT«tfotl 

nucletc and and protein molecuUs of dte invention are set fonh in Z7y 
Vector ONA can be introduced into prokaryotic or eukaryotic cells via 
.5 conv^ona. transformation or transfecdon technics. As ^herdl ^L 

formation" and "transfection-, "conjugation" and ^sducntt"! ^ to • 
referto a vanety of an-recocni.d techniques for introducing foreign ntic " * 



Spring Harbor, KV. a ago, ^ other ^ Cld 

for stable iransfecrion of mammalian cells it is known rh*» a 
expression vector and transfection technique used ol TZX' ^T* ^ ^ 

integrate the foreien DMa i„, ft t k * ^' 620:100 of CcI,s ma > 

6* cmeiore lg nDNA mto their genome. In order to identify and ^ a. 

10 integrants, a gene thatencodes a selectable marker (e e ^ v 

Senerally introduced into the host cells along JJ^STT? * 
selectab^^ 

hygromycin and methotrexate. Nucleic acid . 04 1 8 * 

the vector can be designed such that unflBll AjlernaUv ^» 

upaream regaJaKay region can be ahered .0 .hereby alter .he axnre^TT! 

MCT W in^honro^racl^n^r^ ■ 
oftheMCT gene is flanked at ire ^ , uuiauon ve ctor, the altered poruon 

genetoallowTn , ends by additional nucleic acid of the MCT 

*Z?JZ T 50US reC ° rabinarion 10 between the exogenous MCT 
gene carried by the vector and an endogenous MCT eene in a m ,v „ 
additional flankin* urr • • • , ecnous » Ml - 1 gene in a microorganism. The 
optional flanking MCT nucleic acid is of sufficient length for successful homoin^ 
recombination with the endogenous gene. Typically * 
(both at the 5' and 3' ends) are included in theTe l r c^e E £ ^ ^ ^ 

vectors). The vector is introduced into a microort?an,cm *> * k i 

»u a microorganism (e.g., by eleciroporation) and 



- 35 - 



)-4 



cells in which the introduced MCT gene has homologously recombined wiih the 
endogenous MCT gene are selected, using art-known techniques. 

In another embodiment, recombinant microorganisms can be produced which 
contain selected systems which allow for regulated expression of the introduced gene. 
5 For example, inclusion of an MCT gene on a vector placing it under control of the lac 
operon permits expression of the MCT gene only in the presence of IPTG. Such 
regulatory systems are well known in the art. 

A host cell of the invention, such as a prokary otic or eukary otic host cell in 
culture, can be used to produce (i.e., express) an MCT protein. Accordingly, the 
10 invention further provides methods for producing MCT proteins using the host cells of 
the invention. In one embodiment, the method comprises culruiing the host cell of 
invention (into which a recombinant expression vector encoding an MCT protein has 
been introduced, or into which genome has been introduced a gene encoding a wild-type 
or altered MCT protein) in a suitable medium until MCT protein is produced. In another 
15 embodiment, the method further comprises isolating MCT'proteins from the medium or 
the host cell. 

C Isolated MCT Proteins 

Another aispect of the invention pertains to isolated MCT proteins, and 
20 biologically active portions thereof An "isolated" or "purified" proteinor biologically 
■ p active portion thereof is substantially free of cellular material when produced by 
recombinant DN A techniques, or chemical precursors or other chemicals when 
chemically synthesized. The language "substantially free of cellular material" includes 
preparations of MCT protein in which the protein is separated from cellular components 
^ 25 of the celh> in which it is naturally or recombinantly produced. In one embodiment, the 
v language "substanxially free of cellular material'' includes preparations of MCT protein 

having less than about 30% (by dry weight) of non-MCT protein (also referred to herein 
as a "contaminating protein"), more preferably less than about 20% of non-MCT 
protein, still more preferably less than about 10% of non-MCT protein, and most ' 
30 preferably less than about 5% non-MCT protein. When the MCT protein or biologically 
active portion thereof is recombinantly produced, it is also preferably substantially free 
of culture medium, i.e., .culture medium represents less than about 20%, more preferably 
less than about 10%, and most preferably less than about 5% of the volume of the 
protein preparation. The language "substantially free of chemical precursors or other 
35 chemicals" includes preparations of MCT protein in which the protein is separated from 
chemical precursors or other chemicals which are involved in the synthesis of the 
protein. In one embodiment, the language "substantially free of chemical precursors or 
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oiher chemicals" includes preparations of MCT protein having less than aboui 30% (by 
dry weight) of chemical precursors or non-MCT chemicals, more preferably less than 
aboui 20% chemical precursors or non-MCT chemicals, still more preferably less than 
aboui 10% chemical precursors or non-MCT chemicals, and most preferably less than 
5 about 5% chemical precursors or non-MCT chemicals. In preferred embodiments, 

isolated proteins or biologically active portions thereof lack contaminating proteins from 
the same organism from which the MCT protein is derived. Typically, such proteins are 
produced by recombinant expression of, for example, a C. gluiamicum MCT protein in a 
microorganism such as C. gluiamicum 

1 0 An isolated MCT protein or a portion thereof of the invention can participate in 

the metabolism of compounds necessary for the construction of cellular membranes in 
C gluiamicum, or in the transport of molecules across these membranes, or has one or 
more of the activities set forth in Table 1 . In preferred embodiments, the protein or 
portion thereof comprises an amino acid sequence which is sufficiently homologous to 

15 an amino acid sequence of Appendix B such that the protein or portion thereof maintains 
the ability participate in the metabolism of compounds necessary for the construction of 
cellular membranes in C. glutumicum, or in the transport of molecules across these 
membranes. The portion of the protein is preferably a biologically active portion as 
described herein. In another preferred embodiment, an MCT protein of the invention 

20 has an amino acid sequence shown in Appendix B. In yet another preferred 

embodiment, the MCT protein has an amino acid sequence which is encoded by a 
nucleotide sequence which hybridizes, e.g., hybridizes under stringent conditions, to a 
nucleotide sequence of Appendix A. In still another preferred embodiment, the MCT 
protein has an amino acid sequence which is encoded by a nucleotide sequence that is at 




25 least about 50-60%, preferably at least about 60-70%, more preferably at least about 70- 
80%, 80-90%, 90-95%, and even more preferably at least about 96%, 97%, 98%, 99% 



or more homologous to one of the amino acid sequences of Appendix B. The preferred 
MCT proteins of the present invention also preferably possess at least one of the MCT 
activities described herein. For example, a preferred MCT protein of the present 

30 invention includes an amino acid sequence encoded by a nucleotide sequence which 
hybridizes, e.g., hybridizes under stringenj conditions, to a nucleotide sequence of 
Appendix A, and which can participate in the metabolism of compounds necessary for 
the construction of cellular membranes in C gluiamicum, or in the transport of 
molecules across these membranes, or which has one or more of the activities set forth 

35 in Table 1. 

In other embodiments, the MCT protein is substantially homologous to an amino 
acid sequence of Appendix B and retains the functional activity of the protein of one of 
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ihe sequences of Appendix B yet differs in amino acid sequence due to natural variation 
or mutagenesis, as described mdeiail in subsection I above. Accordingly, in another 
embodiment, the MCT protein is a protein which comprises an amino acid sequence 
which is at least about 50-60%, preferably at least about 60-70%, and more preferably at 
least about 70-80, 80-90, 90-95%, and most preferably at least about 96%, 97%, 98%, 
99% or more homologous to an entire amino acid sequence of Appendix B and which 
has at least one of the MCT activities described herein. In another embodiment, the 
invention pertains to a Axil length C. glutamicum protein which is substantially 
homologous to an entire amino acid sequence of Appendix B . 

Biologically active portions of an MCT protein include peptides comprising 
amino acid sequences derived from the amino acid sequence of an MCT protein, e.g., 
the an amino acid sequence shown in Appendix B or the amino acid sequence of a 
protein homologous to an MCT protein, which include fewer amino acids than a full 
length MCT protein or the full length protein which is homologous to an MCT protein, 
and exhibit at least one activity of an MCT protein. Typically, biologically active 
portions (peptides, e.g., peptides which are, for example, 5, 10, 1 5, 20, 30, 35, 36, 37, 
38, 39, 40, 50, 100 or more amino acids in length) comprise a domain or motif with at 
least one activity of an MCT protein. Moreover, other biologically active portions, in 
which other regions of the protein are deleted, can be prepared by recombinant 
techniques and evaluated for one or more of the activities described herein. Preferably, 
the biologically active portions of an MCT protein include one or more selected 
domains/motifs or portions thereof having biological activity. 

MCT proteins are preferably produced by recombinant DNA techniques. For 
example, a nucleic acid molecule encoding the protein is cloned into an expression 
vector (as described above), the expression vector is introduced into a host cell (as 
described above) and the MCT protein is expressed in the host cell. The MCT protein 
can then be isolated from the cells by an appropriate purification scheme using standard 
protein purification techniques. Alternative to recombinant expression, an MCT protein, 
polypeptide, or peptide can be synthesized chemically using standard peptide synthesis 
techniques. Moreover, native MCT protein can be isolated from cells (e.g., endothelial 
cells), for example using an anti-MCT antibody, which can be produced by standard 
techniques utilizing an MCT protein or fragment thereof of this invention. 

The invention also provides MCT chimeric or fusion proteins. As used herein, 
an MCT "chimeric protein" or "fusion protein" comprises an MCT polypeptide 
operatively linked to a non-MCT polypeptide. An "MCT polypeptide" refers to a 
polypeptide having an amino acid sequence corresponding to an MCT protein, whereas 
a "non-MCT polypeptide" refers to a polypeptide having an amino acid sequence 



corresponding to a protein which is not substantially homologous to the MCT protein, 
e.g., a protein which is different from the MCT protein and which is derived from the 
same or a different organism. Within the fusion protein, the term "operatively linked" is 
intended to indicate that the MCT polypeptide and the non-MCT polypeptide are fused 
in-frame to each other. The non-MCT polypeptide can be fused to the N -terminus or C- 
terminus of the MCT polypeptide. For example, in one embodiment the fusion protein 
is a GST-MCT fusion protein in which the MCT sequences axe fused to the C-terminus 
of the GST sequences. Such fusion proteins can facilitate the purification of 
recombinant MCT proteins, in another embodiment, the fusion protein is an MCT 
protein containing a heterologous signal sequence at its N-terminus. In certain host ceils 
(e.g., mammalian host cells), expression and/or secretion of an MCT protein can be 
increased through use of a heterologous signal sequence. 

Preferably, an MCT chimeric or fusion protein of the invention is produced by 
standard recombinant DNA techniques. For example, DN A fragments coding for the 
different polypeptide sequences are ligated together in-frame in accordance with 
conventional techniques, for example by employing, blunt-ended or stagger-ended 
termini for ligation, restriction enzyme digestion to provide for appropriate termini, 
filling-in of cohesive ends as appropriate, alkaline phosphatase treatment to avoid 
undesirable joining, and enzymatic ligation. In another embodiment, the fusion gene 
can be synthesized by conventional techniques including automated DNA synthesizers. 
Alternatively, PCR amplification of gene fragments can be carried out using anchor 
primers which give rise to complementary overhangs between two consecutive gene 
fragments which can subsequently be annealed and reamplified to generate a chimeric 
gene sequence (see, for example, Current Protocols in Molecular Biology, eds. Ausubel 
et al. John Wiley & Sons: 1992). Moreover, many expression vectors are commercially 
available that already encode a fusion moiety (e.g., a GST polypeptide). An MCT- 
encoding nucleic acid can be cloned into such an expression vector such that the fusion 
moiety is linked in-frame to the MCT protein. 

Homologues of the MCT protein can be generated by mutagenesis, e.g., discrete 
point mutation or truncation of the MCT protein. As used herein, the term "homologue" 
refers to a variant form of the MCT protein which acts as an agonist or antagonist of the 
activity of the MCT protein. An agonist of the MCT protein can retain substantially the 
same, or a subset, of the biological activities of the MCT protein. An antagonist of the 
MCT protein can inhibit one or more of the activities of the naturally occurring form of 
the MCT protein, by, for example, competitively binding to a downstream or upstream 
member of the cell memhrane component metabolic cascade which includes the MCT 
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protein, or by binding to an MCT protein which mediates transpon of compounds across 
such membranes, thereby preventing translocation from taking place. 

In an alternative embodiment, homologues of the MCT protein can be identified 
by screening combinatorial libraries of mutants, e.g., truncation mutants, of the MCT 

5 protein for MCT protein agonist or antagonist activity. In one embodiment, a variegated 
library of MCT variants is generated by combinatorial mutagenesis at the nucleic acid 
level and is encoded by a variegated gene library. A variegated library of MCT variants 
can be produced by, for example, enzymatically ligating a mixture of synthetic 
oligonucleotides into gene sequences such that a degenerate set of potential MCT 

1 0 sequences is expressible as individual polypeptides, or alternatively, as a set of larger 
fusion proteins (e.g., for phage display) containing the set of MCT sequences therein. 
There are a variety of methods which can be used to produce libraries of potential MCT 
homologues from a degenerate oligonucleotide sequence. Chemical synthesis of a 
degenerate gene sequence can be performed in an automatic DNA synthesizer, and the 

1 5 synthetic gene then ligated into an appropriate expression vector. Use of a degenerate 
set of genes allows for the provision, in one mixture, of all of the sequences encoding 
the desired set of potential MCT sequences. Methods for synthesizing degenerate 
oligonucleotides are known in the an (see, e.g., Narang, S.A. (1983) Tetrahedron 39:3; 
Itakura et at. (1984) Annu. Rev. Biochem. 53:323; Itakura et al. (1984) Science , 

20 198:1 056; Ike et al. (1 983) Nucleic Acid Res: 1 1 :477. 

In addition, libraries of fragments of the MCT protein coding can be used to 
generate a variegated population of MCT fragments for screening and subsequent 
selection of homologues of an MCT protein. In one embodiment, a library of coding 
sequence fragments can be generated by treating a double stranded PCR fragment of an 

25 MCT coding sequence with a nuclease under conditions wherein nicking occurs only 
about once per molecule, denaturing the double stranded DNA, renaruring the DNa to 
form double stranded DNA which can include sense/antisense pairs from different 
nicked products, removing single stranded portions from reformed duplexes by 
treatment with SI nuclease, and ligating the resulting fragment library into an expression 

30 vector. By this method, an expression library can be derived which encodes N-terminal, 
C-tenninal and internal fragments of various sizes of the MCT protein. 

Several techniques are known in the an for screening gene products of 
combinatorial libraries made by point mutations or truncation, and for screening cDNA 
libraries for gene products having a selected property. Such techniques are adaptable for 

35 rapid screening of the gene libraries generated by the combinatorial mutagenesis of 
MCT homologues. The most widely used techniques, which are amenable to high 
through-put analysis, for screening large gene libraries typically include cloning the 
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gene library into replicable expression vectors, transforming appropriate cells with the 
resulting library of vectors, and expressing the combinatorial genes under conditions in 
which detection of a desired activity facilitates isolation of the vector encoding the gene 
whose product was detected. Recursive ensemble mutagenesis (REM), a new technique 
which enhances the frequency of functional mutants in the libraries, can be used in 
combination with the screening assays to identify MCT homologues (Arkin and 
Yourvan (1992) PNAS 59:781 1-781 5; Delgrave et al. (1993) Protein Engineering 
6(3):327-331). 

In another embodiment, cell based assays can be exploited to analyze a 
variegated MCT library, using methods well known in the an. 

D Uses and Methods of ihe Invention 

The nucleic acid molecules, proteins, protein homologues, fusion proteins, 
primers, vectors, and host cells described herein can be used in one or more of the 
following methods: identification of C. glutamicum and related organisms; mapping of 
genomes, of organisms related to C. glutamicum; identification and localization of C. 
glutamicum sequences of interest; evolutionary studies; detennination of MCT protein 
regions required for function; modulation of an MCT protein activity; modulation of the 
metabolism of one or more cell membrane components; modulation of the 
transmembrane transport of one or more compounds; and modulation of cellular 
production of a desired compound, such as a fine chemical. 

The MCT nucleic acid molecules of the invention have a variety of uses, first, 
they may be used to identify an organism as being Corynebacterium glutamicum or a 
close relative thereof. Also, they may be used to identify the presence of C glutamicum 
or a relative thereof in a mixed population of microorganisms. The invention provides 
the nucleic acid sequences of a number of C. glutamicum genes; by probing the 
extracted genomic DNA of a culture of a unique or mixed population of microorganisms 
under stringent conditions with a probe spanning a region of a C glutamicum gene 
which is unique to this organism, one can ascertain whether this organism is present. 
Although Corynebacterium glutamicum itself is nonpathogenic, it is related to 
pathogenic species, such as Corynebacterium diphtherial Detection of such organisms 
is of significant clinical relevance. - 

Further, the nucleic acid and protein molecules of the invention may serve as 
markers for specific regions of the genome. This has utility not only in the mapping of 
the genome, but also for functional studies of C. glutamicum proteins, for example, to 
idennfy the region of the genome to which a particular C. glutamicum DNA-bindmg 
protein binds, the C. glutamicum genome could be digested, and the fragments incubated 
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with the DNA-binding protein. Those which bind the protein may be additionally probed 
with the nucleic acid molecules of the invention, preferably with readily detectable 
labels; binding of such a nucleic acid molecule to the genome fragment enables the 
localization of the fragment to the genome map of C. glufamicum, and, when performed 
5 multiple times with different enzymes, facilitates a rapid determination of the nucleic 
acid sequence to which the protein binds. Further, the nucleic acid molecules of the 
invention may be sufficiently homologous to the sequences of related species such that 
these nucleic acid molecules may serve as markers for the construction of a genomic 
map in related bacteria, such as Brevibacterium lactofermenium. 

10 The MCT nucleic acid molecules of the invention are also useful for 

evolutionary and protein structural studies. The metabolic and transport processes in 
which the molecules of the invention participate are utilized by a wide variety of 
^ prokaryotic and eukaryotic cells; by comparing the sequences of the nucleic acid 

molecules of the present invention to those encoding similar enzymes from other 

1 5 organisms, the evolutionary reiatedness of the organisms can be assessed. Similarly, 
such a comparison permits an assessment of which regions of the sequence are 
conserved and which are not, which may aid in determining those regions of the protein 
which are essential for the functioning of the enzyme. This type of determination is of 
value for protein engineering studies and may give an indication of what the protein can 

20 tolerate in terms of mutagenesis without losing function. 

Manipulation of the MCT nucleic acid molecules of the invention may result in 
the production of MCT proteins having functional differences from the wild-type MCT 
proteins. These proteins may be improved in efficiency or activity, may be present in 
greater numbers in the cell than is usual, or may be decreased in efficiency or activity. 

25 There are a number of mechanisms by which the alteration of an MCT protein of 

J|t t the invention may directly affect the yield, production, and/or efficiency of production 
' of a fine chemical from a C. glufamicum strain incorporating such an altered protein. 

Recovery of fine chemical compounds from large-scale cultures of C. gluiamicum is 
significantly improved if C. glutamicum secretes the desired compounds, since such. 

30 compounds may be readily purified from the culture medium (as opposed to extracted 
from the mass of C glutamicum cells). By either increasing the number or the activity 
of transporter molecules which export fine chemicals from the cell, it may be possible to 
increase the amount of the produced fine chemical which is present in the extracellular 
medium, thus permitting greater ease of harvesting and purification. Conversely , in 

35 order to efficiently overproduce one or more fine chemicals, increased amounts of the 
cofactors, precursor molecules, and intermediate compounds for the appropriate 
biosynthetic pathways are required. Therefore, by increasing the number and/or activity 
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of transporter proteins involved in the import of nutrients, such as carbon sources (i.e., 
sugars), nitrogen sources (i.e., amino acids, ammonium salts), phosphate* and sulfur, it 
may be possible to improve the production of a fine chemical, due to the removal of any 
nutrient supply limitations on the biosynthetic process, further, farry acids and lipids 
5 are themselves desirable fine chemicals, so by optimizing the activity or increasing the 
number of one or more MCT proteins of the invention which participate in the 
biosynthesis of these compounds, or by impairing the activity of one or more MCT 
proteins which are involved in the degradation of these compounds, it may be possible 
to increase the yield, production, and/or efficiency of production of fatty acid and lipid 
10 molecules from C. gluiamicum. 

The engineering of one or more MCT genes of the invention may also result in 
MCT proteins having altered activities which indirectly impact the production of one or 
^| more desired fine chemicals from C .gluiamicum. For example, the normal biochemical 
processes of metabolism result in the production of a variety of waste products (e.g. % 
1 5 hydrogen peroxide and other reactive oxygen species) which may actively interfere with 
these same metabolic processes (for example, peroxynitrite is known to nitrate tyrosine 
side chains, thereby inactivating some enzymes having tyrosine in the active site 
(Groves, J.T. (1 999) Curr. Opirt. Chem. Biol 3(2): 226-235). While these waste 
products are typically excreted, the C. gluiamicum strains utilized for large-scale 
20 fermentative production are optimized.for the overproduction of one or more tine 

chemicals, and thus may produce more waste products than is typical for a wild-type C 
gluiamicum. By optimizing the activity of one or more MCT proteins of the invention 
which are involved in the export of waste molecules, it may be possible to improve the 
viability of the ceil and to maintain efficient metabolic activity. Also, the presence of 
25 high intracellular levels of the desired fine chemical may actually be toxic to the cell, so 
^ by increasing the ability of the cell to secrete these compounds, one may improve the 

viability of the cell. 

Further, the MCT proteins of the invention may be manipulated such that the 
relative amounts of various lipid and fatty acid molecules produced are altered. This 
30 may have a profound effect on the lipid composition of the membrane of the cell. Since 
each type of lipid has different physical properties, an alteration in the lipid composition 
of a membrane may significantly alter membrane fluidity- Changes in membrane fluidity 
can impact the transport of molecules across the membrane, which, as previously 
explicated, may modify the export of waste products or the produced tine chemical or 
35 the import of necessary nutrients. Such membrane fluidity changes may also profoundly 
affect the integrity of the cell; cells with relatively weaker membranes are more 
vulnerable in the large-scale fennentor environment to mechanical stresses which may 
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damage or kill ihe ceil. By manipulating MCT proteins involved in the production of 
fatty acids and lipids for membrane construction such that the resulting membrane has a 
membrane composition more amenable to the environmental conditions extant in the 
cultures utilized to produce fine chemicals, a greater proportion of the C. glutamicum 
cells should survive and multiply. Greater numbers of C glutamicum cells in a culture 
should translate into greater yields, production, or efficiency of production of the fine 
chemical from the culture. 

The aforementioned mutagenesis strategies for MCT proteins to result in 
increased yields of a fine chemical from C glutamicum are not meant to be limiting; 
variations on these strategies will be readily apparent to one skilled in the an. Using 
such strategies, and incorporating the mechanisms disclosed herein, the nucleic acid and 
protein molecules of the invention may be utilized to generate C. glutumicum or related 
strains of bacteria expressing mutated MCT nucleic acid and protein molecules such that 
the yield, production, and/or efficiency of production of a desired compound is 
improved. This desired compound may be any natural product of C. glutamicum, which 
includes the final products of biosynthesis pathways and intennediates of naturally- 
occurring metabolic pathways, as well as molecules which do not naturally occur in the 
metabolism of C. glutamicum, but which are produced by a C glutamicum strain of the 
invention. 
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This invemion is further illustrated by the following examples which should not 
be construed as limiting. The contents of all references, patent applications, patents, and 
published patent applications cited throughout this application are hereby incorporated 
by reference. 

Exemplification 

Example 1: Preparation of total genomic DNA of Corynebacteriurn glutamicum 
ATCC 13032 

A culture of Coryntbacserium glutamicum (ATCC 13032) was grown overnight 
at 30°C with vigorous shaking in BHI medium (Difco). The cells were harvested by 
centrifugation, the supernatant was discarded and the cells were resuspended in 5 ml 
buffer-1 (5% of the original volume of the culture — all indicated volumes have been 
calculated for 100 ml of culture volume). Composition of buffer-1: 140.34 g/1 sucrose, 
2.46 g/1 MgSO. x 7H 2 0, 10 ml/1 KH 2 P0 4 solution (100 g/1, adjusted to pH 6.7 with 
KOH), 50 ml/lM12 concentrate (10 g/1 (NH^SO,, 1 g/1 NaCl, 2 g/1 MgSO« x 7H : 0, 
0.2 g/1 CaCl 2 , 0.5 g/1 yeast extract (Difco), 10 ml/1 trace-elements-mix (200 mg/1 FeS0 4 
x H.O, 10 mg/1 ZnSO« x 7 HA 3 mg/i MnGl 2 x 4 H 2 O f 30 mg/1 H,BO a 20 mg/1 CoCl 3 x 
6 H 2 0, 1 mg/1 NiCl 2 x 6 HA 3 mg/1 Na 2 MoO« x 2 HA 500 mg/1 complexing agent 
(£DTA or critic acid), 100 ml/1 vitamins-mix (0.2 rag/1 biotin, 0.2 mg/1 folic acid, 20 
mg/1 p-amino benzoic acid, 20 mg/1 riboflavin, 40 mg/1 ea-panthothenate, 140 mg/1 
nicotinic acid, 40 mg/1 pyridoxole hydrochloride, 200 mg/1 myo-inositol). Lysozyrae 
was added to the suspension to a final concentration of 2.5 mg/ml. After an 
approximately 4 h incubation at JJ7*C, the cell wall was degraded and the resulting 
protoplasts are harvested by centrifugation. The pellet was washed once with 5 ml 
buffer-i and once with 5 ml TE-buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8). the 
pellet was resuspended in 4 ml TE-buffer and 0.5 ml SDS solution (10%) and 0.5 ml 
NaCl solution (5 M) are added. After adding of proteinase K to a final concentration of 
200 ng/ml, the suspension is incubated for ca. 1 8 h at 37°C. The DNA was purified by 
extraction with phenol, phenoi-chlorofonn-isoamylalcohol and <rhloroform- 
isoamylalcohol using standard procedures. Then, the DNA was precipitated by adding 
1/50 volume of 3 M sodium acetate and 2 volumes of ethanol, followed by a 30 min 
incubation at -20°C and a 30 min centrifugation at 12,000 rpm in a high speed centrifuge 
using a SS34 rotor (Sorvall). The DNA was dissolved in 1 ml T£-buffer containing 20 
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Kg/ml RNaseA and dialysed at 4°C against 1000 ml TE-buffer for ax least 3 hours. 
During this time, the buffer vvas exchanged 3 times. To aliquots of 0.4 ml of the 
dialysed DNA solution, 0.4 ml of 2 M LiCl and 0.8 ml of ethanol are added. After a 30 
min incubation at -20°C, the DNA was collected by centrifugation (1 3,000 rpm, Biofuge 
5 Fresco, Heraeus, Hanau, Germany). The DNA pellet was dissolved in TE-buffer. DNA 
prepared by this procedure could be used for all purposes, including southern blotting or 
construction of genomic libraries. 

Example 2: Construction of genomic libraries in Escherichia coti of Corynebucterium 
10 glutamicum ATCC13Q32. 

Starting from DNA prepared as described in Example 1, cosmid and plasmid 
^ libraries were constructed according to known.and well established methods {see e.g., 

Sambrook, J. et ah {1989) "Molecular Cloning : A Laboratory Manual", Cold Spring 
Harbor Laboratory Press, or Ausubel, P.M. et ai (1994) ••Current Protocols in Molecular 
15 Biology", John Wiley & Sons.) 

Any plasmid or cosmid could be used. Of particular use were the plasmids pBR322 
(Sutcliffe, J.G. (1979) Proc. Nad. Acad. ScL USA, 75:3737-3741); pACYC177 (Change & 
Cohen (1978) J. Bacteriol 134:1 141-1 156), plasmids of the pBS series (pBSSK-r, pBSSK- and 
others; Stratagene, LaJolla, USA), or cosmids as SupexCosl (Stratagene, LaJolla, USA) or 
20 Lorist6 (Gibson, TJ., Rosenthal A. and Waterson, R.H. (1987) Gene 53:283-286. 

Example 3: DNA Sequencing and Computational Functional Analysis 
^ Genomic libraries as described in Example 2 were used for DNA sequencing 

according to standard methods, in particular by the chain termination method using 
25 ABI377 sequencing machines (see e.g., Fleischman, R.D. et aL (1995) "Whole-genome 
Random Sequencing and Assembly of Haemophilus Influenzae Rd., Science, 269:496- 
512). Sequencing primers with the following nucleotide sequences were used: 5'- 
< GCaaaCaGTaTGaCCaTG-3' or S'-GTAAAaCGaCGGCCAGT-S*. 

30 Example 4: In vivo Mutagenesis 

In vivo mutagenesis of Curynebacterium glutamicum can be performed by passage of 
plasmid (or other vector) DNA through £. coli or other microorganisms (e.g. Bacillus sop. or 
yeasts such as Saccharomyces cerevisiae) which are impaired in their capabilities to maintain 
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The integrity of their genetic information. Typical mutator swains have mutations in the genes 
for the DNA repair system (e.g., mutHLS, mutD, mutT, etc.; for reference, see Rupp, W.D. 
(1 996) DNA repair mechanisms, in: Escherichia coli and Salmonella, p. 2277-2294, ASM: 
Washington.) Such strains are well known to those skilled in the art. The use of such strains is 
5 illustrated, for example, in Greener, A. and Callahan, M. (1 994) Strategies 7: 32-34. 

Example S: DNA Transfer Between Escherichia coli and Corynebucteriuni 
glutamic um 

Several Corynebacterium and Brevibacttrium species contain endogenous 

10 plasmids (as e.g., pHM1519 or pBLl) which replicate autonomously (for review see, e.g., 
Martin, J.F. et al (1987) Biotechnology, 5:137-146). Shuttle vectors Tor Escherichia coli 
and Corynebacterium glutamicum can be readily constructed by 'using standard vectors for 
E coli (Sambrook, J. er al. (1989), -Molecular Cloning: A Laboratory Manual", Cold 
Spring Harbor Laboratory Press or Ausubei, F.M. et al (1994) "Current Protocols in 

1 5 Molecular Biology", John Wiley & Sons) to which a origin or replication for and a 

suitable marker from Corynebacteriwn glutamicum is added. Such origins of replication 
are preferably taken from endogenous plasmids isolated from Coryne bacterium and 
Srevibacterium species. Of particular use as transformation markers for these species are 
genes for kanamycin resistance (such as those derived from, the Tn5 or Tn903 

20 transposons) or chloramphenicol (Winnacker, E.L. (1 987) "From Genes to Clones — 

Introduction to Gene Technology, VCH, Weinheim). There are numerous examples in the 
literature of the construction of a wide variety of shuttle vectors which replicate in both E. 
coli and C. glutamicum, and which can be used for several purposes, including gene over- 
expression (for reference, see e.g., Yoshihama, M. et al. (1985) J. Bacteriol. 162:591-597, 

25 Martin J.F. etal. (1987) Biotechnology, 5:137-146 and Eikmanns, B.J. ei al. (1991) Gene, 
102:93-98). 

Using standard methods, it is possible to clone a gene of interest into one of the 
shuttle vectors described above and to introduce such a hybrid vectors into strains of 
Corynebacterium glutamicum. Transformation of C glutamicum can be achieved by 
30 protoplast transformation (Kastsumata, R. et al. (1 984) J. Bacteriol. 1 59306-3 11), 

electroporation (LiebL E. et al. (1989) FEMS Microbiol. Letters, 53:399-303) and in cases 
where special vectors are used, also by conjugation (as described e.g. in Schafer, A et al. 
(1990) J. Bacteriol. 172:1663-1666). It is also possible to transfer the shuttle vectors for 



C. gluiamicum to E. coli by preparing plasmid DNa from C gluiamicum (using standard 
methods well-known in the art) and transforming it into £. coli. This transformation step 
can be performed using standard methods, but it is advantageous to use an Mcr-deficient 
E coli strain, such as NM522 (Gough & Murray (1983) J. Mol. Biol. 166:1-19). 

Example 6: Assessment of the Expression of the Mutant Protein 

Observations of the activity of a mutated protein in a transformed host cell rely on 
the fact that the mutant protein is expressed in a similar fashion and in a similar quantity 
to that of the wild-type protein. A useful method to ascertain the level of transcription of 
the mutant gene (an indicator of the amount of mRNA available for translation to the gene 
product) is to perform a Northern blot (for reference see. for example, Ausubel et al. 
(1988) Current Protocols in Molecular Biology, Wiley: New York), in which a primer 
designed to bind to the gene of interest is labeled with a detectable tag (usually radioactive 
or chemiluminescent), such that when the total RNA .of a culture of the organism is 
extracted, run on gel, transferred to a stable matrix and incubated with this probe, the 
binding and quantity of binding of the probe indicates the presence and also the quantity 
of mRNA for this gene. This information is evidence of the degree of transcription of the 
mutant gene. Total cellular RNA can be prepared from Corynebacterium gluiamicum by 
several methods, all well-known in the an, such as that described in Bormann, E.R. et al. 
(1992) Mol Microbial 6: 317-326. 

To assess the presence or relative quantity of protein translated from this mRNA, 
standard techniques, such as a Western blot, may be employed (see, for example, Ausubel 
et al (1988) Current Protocols in Molecular Biology, Wiley: New York). In this process, 
total cellular proteins are extracted, separated by gel electrophoresis, transferred to a 
matrix such as nitrocellulose, and incubated with a probe, such as an antibody, which 
specifically binds to the desired protein. This probe is generally tagged with a 
chemi luminescent orcolorimeiric label which may be readily detected. The presence and 
quantity of label observed indicates the presence and quantity of the 4esired mutant 
protein present in the cell. 
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Example 7: Growth of GeaericaUy Modified Corynebucitrium glutamic urn — Media 
and Culture Conditions 

Genetically modified Coryntbacteria are cultured in synthetic or natural growth 
media. A number of different growth media for Corynebacteria are both well-known and 
readily available (Lieb er al (1989) Appl. Microbiol. BiotechnoL, 32:205-210; von der 
Osten etal (1998) Biotechnology Leners, 11:1 1-16; Patent DE 4,120,867; Liebl (1992) 
•'The Genus Corynebacienum, in: The Procaryotes, Volume II, Balows, A. er a/., eds. 
Springer-Verlag). These media consist of one or more carbon sources, nitrogen sources, ' 
inorganic salts, vitamins and trace elements. Preferred carbon sources are sugars, such as 
mono-, di-, or polysaccharides, for example, glucose, fructose, manhose, galactose, 
ribose, sorbose, ribulose, lactose, maltose, sucrose, raffmose, starch or cellulose serve as 
very good carbon sources. It is also possible to supply sugar to the media via complex 
compounds such as molasses or other by-products from sugar refinement. It can also be 
advantageous to supply mixtures of different carbon sources. Other possible carbon 
sources are alcohols and organic acids, such as methanol, ethanol, acetic acid or lactic 
acid Nitrogen sources axe usually organic or inorganic nitrogen compounds, or materials 
which contain these compounds. Exemplary nitrogen sources include ammonia gas or 
ammonia salts, such as NHX1 or (NR,) a SO„ NH.OH, nitrates, urea, amino acids or 
complex nitrogen sources like com steep liquor, soy bean flour, soy bean protein, yeast 
extract, meat extract and others. 

Inorganic salt compounds which may be included in the media include the 
chloride-, phosphorous- or sulfate- salts of calcium, magnesium, sodium, cobalt, 
molybdenum, potassium, manganese, zinc, copper and iron. Chelating compounds can be 
added to the medium to keep the metal ions in solution. Particularly useful chelating 
compounds include dihydroxyphenols* like catechol or protocatechuate, or organic acids, 
such as citric acid. It is typical for the media to also contain other growth factors, such as 
vitamins or growth promoters, examples of which include biotin, riboflavin, thiamin, folic 
acid, nicotinic acid, pantothenate and pyridoxin. Growth factors and salts frequently 
originate from complex media components such as yeast extract, molasses, corn steep 
liquor and others. The exact composition of the media compounds depends strongly on 
the immediate experiment and is individually decided for each specific case. Information 
about media optimization is available in the textbook "Applied Microbiol. Physiology, A 
Practical Approach (eds. P.M. Rhodes, P.F. Stanbury, IRL Press (1997) pp. 53-73, ISBN 0 
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19 963577 3). h is also possible to selea growth media from commercial suppliers like 
standard 1 (Merck) or BH1 (grain bean infusion, Dlf C) or others. 

All medium components are sterilised, either by heat (20 minutes at 1 .5 bar and 
121 -C) or by sterile filtration. The components can either be sterilised together or if 
5 necessary, separately. All media components can be present at the beginning of growth, 
or they can optionally be added continuously or batchwise. 

Culture conditions are defined separately for each experiment. The temperature, 
should be in a range between 15'Cand45'C. The Temperature can be kept constant or can 
be altered during the experiment. The P H of the medium should be in the range of 5 to 
10 8.5, preferably around 7.0, and can be maintained by the addition of buffers to the media. 
An exemplary buffer for this purpose is a potassium phosphate buffer. Synthetic buffers 
>uch as MOPS, HEPES, ACES and others can alternatively or simultaneously be used. It 
is also possible to maintain a constant culture pH through the addition of NaOH or 
NH,OH during growth. If complex medium components such as yeast extract are utilized, 
5 the necessity for additional buffers may be reduced, due to the fact that many complex 
compounds have high buffer capacities. If a fermentor is utilized for culruring the micro- 
organisms, the pH can also be controlled using gaseous ammonia. 

The incubation time is usually in a range from several hours to several days. This 
time is selected in order to permit the maximal amount of product to accumulate in the 
broth. The disclosed growth experiments can be carried out in a variety of vessels, such as 
microliter plates, glass tubes, glass flasks or glass or metal fermentors of different sizes, 
for screening a large number of clones, the microorganisms should be cultured in 
microtiter plates, glass tubes or shake flasks, either with or without baffles. Preferably 
100 ml shake flasks are used, filled with 10% (by volume) of the required growth 
medium. The flasks should be shaken on a rotary shaker (amplitude 25 mm) using a 
speed-range of 100 - 300 rpm. Evaporation losses can be diminished by the maintenance 
of a humid atmosphere; alternatively, a mathematical correction for evaporation losses 
should be performed. 

If genetically modified clones are tested, an unmodified control clone or a control 
clone containing the basic plasmid without any insert should also be tested. The medium 
is inoculated to an OD^ of 0.5 - 1.5 using cells grown on agar plates, such as CM plates 
(10 g/1 glucose. 2.5 g/1 Nad, 2 g/1 urea, 10 g/1 polypeptone, 5 g/1 yeast extract, 5 g/1 meat 
extract, 22 g/1 NaCl. 2 g/J urea, 10 g/1 polypeptone, 5 g/1 yeast extract, 5 g/1 meat extract, 
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-^.^.PH^^^^tohad^incub^^ao-C. Innovation of the 
medta ,s accomphshed by either tooducIion of . sali „ e ^ ^ll , 

CM p,a,es or ^ of a ^ af ^ J\ J» C • «l 

5 Example 8 -lnv mo Analysis offte Function of Mutant Proteins 

The determination of activities and kinetic parameters of enzymes is well 
esubhshed ,n the ar, ExperimenK . ^ ^ of an^^ 

en^tne tnust be tatiored to the specific activity of the wild-»pe enzyme, which is weU 
wrmmtheabdnyofone skilled in the art. Overviews about enzymlsTn general as wd, 
.0 as spec,fic details concerning strucnne. Kinetics, principle, methods, Xuons JT 
examples for ^determination of many enzyme activities may be founder " in 

£ndo fT DiX0D ' ^ E C - «™> E ~ kongmT 

£2 hCe"! , ^ yme SmKtUre ^ M —- ^man^NewrT 
Walsh, (1979) Enzymanc Reaction Mecltanism, Freeman: San Francisco- Price „- 

pT£ no^Tn danentalS °' E ~*> ««" Univ. Prass: : cSo^eT 
P.D., ed. (1 983) The Enzyme, 3™ ed Academic . Press: New York: Bisswan.„ H 
<>994> Enzymkinetik, J- edVCH: VeinheimflSBN 3527300^ S^HU 
Bergmeye, , Gtan,. M „ ed, (1983-.986, Methods of Enzymatic AnalyS 3-ed vi 

20 (1987) vol. A9, "Enzymes". VCH: Weinheim, p. 352-363 ^ 
The activity of proteins which bind to DNa can be measured by several well- 
e*ab,,shed method, such as DNA band-shift assays (also called ge, re^dl^n I ' s, 
T^e effect of such proteins on the expression of other molecules 1 be raea^d^ng 

^ £ d rcf r" S •« - systems are we,, known and 

estabhsfted for apphcanons m both pro- and eukaryoric ce,„ using enzymes such as 

beta-gaksctosidase, green fiuoreseentproutto, and several others 

-ec„ rii „? e dett ^ minati0 ° ° f aCtiVi,y ° f ■ nen >"»«-"» S pon proteins can be perfomted 
according to techntques such as those described in Gennis, R.B. (1989) ~P ores 
CWb andTransponera". in Biomembrane, MolecuUr Structure and Function 
Sponger: Heidelberg, p. 8S-I37; 199-234; and 270-322. 

i 

ProTue!' 9: A °" J ' SiS 0nmPaC ' ° f MO,i "" Pr ° WD 0B *» P ™ lu « i » ^ed 

The effect of me genetic motivation in C g lulam icun, on pmduction of a 
desued compound (such as an ammo acid) can he assessed b, growing d* modified 
nucrootgamsm under suitab,. conditions (such as those described above) and analyzing 
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d« medium and/or rhe cellular component for increased production of the desired 
product (, e., an amino acid). Such analysis techniques are well known to one skilled in 
the art, and include spectroscopy, thin layer chromatography, staining methods of 
various kinds, enzymatic and microbiological methods, and analytical chromatography 
such as high performance liquid chromatography (see, for example, Ullman 
Encyclopedia of Industrial Chemistry, vol. A2, p. 89-90 and p 443-613 VCH- 
Weinheim (1985); Fallon, A. et al., (1987) "Applications of HPLC in Biochemistry" in- 
Laboratory Techniques in Biochemistry and Molecular Biology, vol. 1 1- Rehm et al 

i 1 ^^ Bi ^l hnOIOe>, 3 ' Ch3PXer " Pr0duCl rec0ve ^ Purification", page 
469-714, VCH: Weinheim; Belter, P.A. et al. (1988) Bioseparations: downstream 
processing for biotechnology, John Wiley and Sons; Kennedy, J.F. and Cabral J M S 
(1 992) Recovery processes for biological materials, John Wiley and Sons; Shaei witz, 
J.A. and Henry, .CD. (1988) Biochemical separations, in: Ulmann's Encyclopedia of 

fTTI^^' B3 ' ChaPKr ^ W VCH: Wdnh ^ andDechow, 
r.J. (1989) Separation and purificaiion techniques in biotechnology Noyes 
Publications.) 

in addition to the measurement of the final product of fermentation, it is also 
possible to analyze other components of the metabolic pathways utilized for the 
production of the desired compound, such as intermediates and side-products to 
determine the overall efficiency of production of the compound. Analysis methods 
include measurements of nutrient levels in the medium <«.g., sugars, hydrocarbons 
nitrogen sources, phosphate, and other ions), measurements of biomass composition and 
growth, analysis of the production of common metabolites of biosynthetic pathways and 
measurement of gasses produced during fermentation. Standard methods for these ' 
measurements are outlined in Applied Microbial Physiology, a Practical Approach. 
P.M. Rhodes and P.F. Stanbury. eds.. IRL Press, p. 103-129; 131-163; and 165-19? 
(ISBN: 0199635773) and references cited therein. . 

Example 10: Purification of the Desired Product from C. gluxamicun, Culture 

Recovery of the desired product from the C. ^W/a.in cells or supernatant of 
the above-described culture can be performed by various methods well known in the an. 
If the desired product is not secreted from the cells, the cells can be harvested from the 
culture by low-speed centrifugation, the cells can be iysed by standard techniques such 
as mechanical force or sooication. The cellular debris is removed by centrifugation, and 
the supernatant fraction containing the soluble proteins is retained for further 
purification of the desired compound, if the product is secreted from the C glutamicum 
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cells, ihenihe cells are removed from the culture by low-sni-i • 
supemate fraction is rcnined for ^purification «»"«*-«. - *e 

The supernal*,,, fraction from eirher purification method is subjected to 
chromatography with a suitable resin, in which Ac desired molecule is either retard 
5 a ductography resin while many of the impurities in the sample J " 
«p-« are retained by the resin while the sample is nor. Such crn™,^ ^ 

«sm> and » theu mosI efficacious application for a partiotiar molecuie to be t ZZ 
0 The punned product may be concentrated by filtration or uhrafiIIration , ^ ^ ~ 
Temperature a. which the stability of the product ,s maximized 

There are a wide array of purification methods known to the art and tite 
precedmt memod of purification U no. mean, to be limiting. Such purification 
Kchtuques are described, for example, in Bailey, ).£. & ollis . DJ . BiochemicaJ 
> Engureenng Fundamentals, McGraw-Hill: New York (1986) 

s^ndJ 1 * f"" 1 ' ^ ° f iSOla " d com P°^ ~y be assessed by techniques 
standard mute an. These mcludemgh-perfonu^^^,,^ ,^^ 

a^y.orrmcrobroJogtca.,,. Such analysis metitods are reviewed in: Pateketal. 0994) 
, ■ m - lW; ***** " t^'owa II: 27- 

t;^:7 81 °r «• ^ vcH: weinh <- p m - 9 °- >• 52 >-^^ 

AdasofR k " 5 - 581 j aDd 58 '" 5S7 ' Mi*-, C. (1999) Biochemical Pathways: An 

a A M ° leCU,ai Bi ° l0gy - J0ta Wil <> ^ *-i Fallon, A. =, a. 
(1987) Apphcunons of HPLC in Biochemissry in: Laboratory Techniques in 

Biochemistry and Molecular Biology, vol. 17. 
Equivalents 

Those skilled in tite ar. will recognize, or Will be able to ascertain using no more 
than routme experimentation, many equivalents to the specific ambodimot. of Z 
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BASF Aktieagesellschaft 990695 „0.^. 0Q50/.50202 

»RXA02 677-amino acid sequence 
(1-759, translated) 253 residues 

MKVTAHRGLS SRFPELTESA FRAALELPIH GIETDVKLTK CGEWNVHDP IVDRVSNGRG RVSRLDLESL 
LSLNFGTKET PEKVLTLNNL LDIFEDYPDK KLYIETKHPM RYAVMLEEE I TKILKYRGLT EDPRIHIISF 
ALPAMYRMAR 3LAPQLDRIHL RRSWERWGNP RDVRCGVPTG LGLSLERAKM DPRMIGAKGL PTYLFTVDKQ 
KDMLWAREQG VDMLATNYPD RAAELLNAHP KPAMYANAHG KED 
>RXA02 67 7 -nucleotide sequence A: upstream 

T T AGTGCAGTGT AT TT AT T TCCGTTCACGCTGCGGGGCTGGTGGT T TGGAGGGATAC T AGAGTCGATAGCAGGT AT A 
TAAAGGCCAGGAGAGATGGGTTC 

>RXA02 67 7 -nucleotide sequence B: coding region 

ATGAAAGTC^TCGCGCACCGAGGTTTATCGTCTCGCTTTCCCGAATTAACAGAGTCTGCGTTTCGGGCGGCTCTAGA 

GCTACCGATTCATGGAATTGAAACTGATGTCCGGCTGACTAAATGTGGCGAAGTGGTTAACGTCCATGACCCCATTG 

TGGATCGCGTGTCGAATGGTCGCGGTCGGGTGTCGCGTTTGGACTTGGAATCCTTGCTGAGCTTGAACTTTGGAACC 

AAAGAAACCCCAGAAAAAGTGCT T ACT T TAAACAATCTAT TAGAT AT T T T TGAGGAT TATCGAGATAAGCACCTT TA 

TATAGAAACCAAGCACCCAATGCGC T ACGCGGTCATGCTGGAAGAAGAAATCACAAAAATC T TAAAAT AT CGTGGGC 

TGACGGAAGACCGACGCATCCACATCATTTCTTTTGCACTTCCCGCGATGTATCGCA^GGCTCGCCTTGCTCCACAG 

CTTGATCGCATTCATCTGCGCAGGTCGTGGGAGCGTTGGGGTAATCCGCGCGATGTGCGCTGCGGTGTACCCACCGG 

TTTGGGGTTGTCGCTGGAGCGGGCGAAGATGGATCCAAGGATGATTGGGGCGAAA 

CCGTCGATAAGCAAAAAGACATGCTGTGGGCGCGCGAACAGGGC^ 

GGGGCGGAGC T T T TGAACGCACATCCCAAGCCCGCCATGT ACGCTAATGCGCATGGGAAAGAAGAC 
l>RXA02677-nucleotide sequence C: downstream 
TAAGAAGAATGAAGAGC TGCCGG 



BASF Aktiengesellscliaft 990695 Q.Z. 0050/50202 
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»RXA01580-amino acid sequence 
(1-702, translated) 234 residues 

MYKNMHXVAH RGAEDLHLEN TMTAFQAAAP ADAFELDIHA TADNQWVIH DRTAARVAAP DSLHRDTFVA 
RLSAAQIKEI TLIDGSFVPT LEEVLLQTSL, PIQVEIKSAG AVPAAAALLQ KYPEHLERLL FISFIDAALV 
E IVDRLPEAR VGILRDASMD DLRILDYIPL KNVGAILPSW KALNVASIAD LHTKGIKVGC WTIRDENAFG 
IAQQAGVDYP TVSDPSRFSR PPLL 

>RXA0 1580 -nucleotide sequence A: upstream 
CGGTAAACGCCTCATTAAAGTCCAATGCGATGCTCATAAGA 
CCTTAAAAAGCCCACAGAAAAGG 

>RXA01580 -nucleotide sequence B: .coding region 
ATGTATAAGAATATGCACATTGTTGCCCATCGCGGTGCGGAA 

GGCTGCCGCGCCCGCTGACGCTTTTGAGCTGGATATCCACGCCACCGCTGACAATCAGGTCGTCGTTATCCACGACC 

GCACCGCAGCGCGTGTTGCCGCGCCAGATTCCCTGCACCGCGAC^^ 

AAGGAGATAACGCTTATCGACGGATCCCCCGTACGAACCCTGGA^GGAA 

AGTGGAAATCAAATC TGCCGGTGCAGT TCCAGCAGCCGCAGCATT AT TGCAGAAATACCCAGAGCACCTGGAGCGCC 
TGCTGTTCATCAGTTTCATCGATGCAGCACTGGTGGAAATCGTGGATCGACTGCCAGAAGCTCGCGTGGGAATCTTG 
CGCGATGCGTCCATGGATGATCTGCGCATTCTTG^ 

GAAAGCACTAAACGTGGCGTCAAT TGCTGATC T ACATACCAAGGGAATCAAGGTTGGCTGCTGGACAAT TCGGGATG 
AAAATGCGTTTGGGATCGCACAACAAGCTGGCGTTGATTACCCCACTGTTAGCGATCCCTCTCGTTTCTCGCGCCCT 
JCCCCTGCTG 
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»RXA00559-amino . acid sequence 
(1-213, translated) 71 residues 

MSDNPHENPR ENPHRSPEW LRFMAAPTDV LMAGSHGVGG GRVLEWIDKA AYACATHGSG TYCVTAYVGH 
I 

>RXA005 5 9- nucleotide sequence A: upstream 

CCCTTCAM?CCAGTCTTTGACGGCCAATACGGC 

GTACGAACCGTTAAAGTGTCCAT 

>RXA00559-nucleotide sequence B: coding region 

ATGTCTGATAATCCGCATGAGAATCCCCGTGAGAATCCACACCGCTCCCC^GAAGTCGTCCTTCGTTTCATGGCTGC 
CCCTACTGACGTTTTGATGGCTGGTAGCCATGGCGTTGGCGGTGGCCGAGTCCTGGAATGGATCGATAAGGCTGCTT 
ATGCTTGTGCTACCCACGGGTCTGGAACCTACTGCGTCACTGCTTATGTTGGTCACATT 
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»RXA00931-amino acid sequence 
(1-846, translated) 282 residues 

VKTIEDILTL EEIDRDIYRG PVIESYLART FGGQVAAQAL VAATHTVDKA FTVHSLHGYF IAPGDPTAPA 
IYLVDRVRDG KSYVTRSVRG IQDGEVIFSM Q AS FHRGDE G IEHMDKMRKV PAPDE IKGTV ERMPISSRRV 
LDEWAEWDIR VIPQDQLELS DFTATEQAVW IRCTADLPDN PTFHQCSLTY LSDMTLL.HSA LVPHPGEKMQ 
MASLDHAVWF LRP FRVD E VTL LYDQRSPSAS SGRALTHGRL, FNQQGDLVAI VNQEQ4TRTL HEGAQSIPMR 
KD 

>RXA00 931 -nucleotide sequence A: upstream 

CCGTAACCTAATCGTTGAAACATCACCTTATTGCTGGGCTTTGCACGCTACTCTTTGTGAGTAACCTCACCGAAGTG 
CATAAATTAATTGGGAGTGATCA 

>RXA00931-nucleotide sequence B: coding region 

GTGAAAACTATTGAAGATATTTTGACCTTGGAAGAAATCGACCGCGATATTTACCGTGGTCCCGTTATCGAATCTTA 
TT T AGCCAGGACT T TCGGTGGCCAGGTCGC TGCCCAAGCT TT AGTAGCAGCAACGCATAC TGT TGATAAAGCCTTT A 

ctgtgcattctttgcatggctactttatagctcctggtgatccaacagcacccgcaatttatttagtggatcgagtt 

cgcgacggaaaaagctacgtcacccgctcggtgcgtggcatccaagacggcgaa<3taatc 

ctttcatcgtggggatgaaggcattgagcacatggacaagat 

cagtagaacgtatgccgatctcaagtaggcgagtgcttgatgaatgggcgc^ 

gatc^uvttagaactcagcgatttcaccgctact^ 

tcccaccttccaccagtgctcactgacttatctgtccgatatgacttt^ 

GTGAGAAAATGCAGATGGCCTCACTTGATCACGCTGTGTGGTTCCTGCGTCCCTTCCGCGTCGATGAATGGTTGCTT 
T ATGATCAGCGC TCTCCATCGGCCTCAAGTGGGCGAGCCTTGACTCACGGGCGGCT T T TCAACCAGCAGGGAGATT T 
GGTCGCTATTGTCAATCAAGAGGGAATGACCCGCACACTC 
>RXA00931-nucleotide sequence C: downstream 
TAAAATGCAGCGAAC TTGAAGAT 
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»RXA00870-amino acid sequence 
(1-1512, translated) 504 residues 

MSEPQTISHW IDGAISPSTS GKTAPVYNPA TGQVTANVAL ASQEEIDATI ASATKAAKTW GNLSIAKRQA 
VLFNFRELLiN ARKGELAEII TAEHGKVLSD AMGEILRGQE WELATGFPH LLKGAFNENV STGIDVYSLK 
QPLGWGIIS PFNFPAMVPM WFFPIAIAAG NAVILKPSEK DPSAAL.V7MAQ IWKEAGLPDG VFNVLQGDKL 
AVDGLLNSPD VSAISEVGST PIAKYIYETS AKKGKRVQAL. GGAKNHMLVL. PDADLDLVAD QAINAGYGAA 
GE RCMAVSW LAIE SVADEL IEKIKERIDT LRIGNGAGDE QGEPHLGPLI TDVHRDKVAS YVDIAEADGA 
KIIVDGRNCA VDGKEEGFFF GPTLIDDIPL TFRAYTEEIF GPVLSWRVA SFDEAIELIN SGEFGNGTAI 
FTNDGGAARR FQHEIEVGMI GINVPIPVPV AYHS FGGWKN SLFGDAKAYG TQGFDFFTRE KAITSKWLDP 
ATHGGINLGF PQND 

>RXA00870 -nucleotide sequence A: upstream 

CAAGACGGCGATGTCGCCGCCGCTGTTGATACCGCAGCGCGACTTGTTCACACAGATATTCA^ 
GAGCAT T T AAGGAAT T T ACACAC 

>RXA00870-nucleotide sequence B: coding region 
ATGTCTGAACCACAAACGATCTCGCACTGGATTGACGGCGCGATTTCCCCATC 
CTACAATCCTGCAACTGGCCAGGTCACCGCCAATGTTGCGCTGGCTAGCCAGGAAGAGA 
CTGCCACCAAGGCTGCTAAGACGTGGGGCAACCTGTCTATCGCTAAGCGCCAAGC 

C TGC TGAATGCTCGCAAGGGTGAGCTGGCGGAGATCATCACTGCAGAGCACGGCAAGGT TGTCCGATGCCATGGG 
TGAAATCCTGCGCGGCCAGGAAGTCGTGGAGCTTGCTACCGGTTTCCCACACCTGCTTAAAGG 

ACGTGTCC^CCGGCATTGATGTGTATTCCTTGAAGCAGCCACTGGGTGTTGTCGGTATCATCAGCCCGTTCAACTTC 
CCTGCGATGGTGCCGATGTGGTTTTTCCCAATCGCAATCGCTGCAGGCAACGCAGTTATTTTGAAGCCTTCAGAGAA 
GGATCCTTCGGCAGCGCTGTGGATGGCTCAGATCTGGAAGGAAGCT 

AGGGCGACAAGCTGGCTGTTGATGGTTTGCTGAACAGCCCTGATGTCTCTGCGATTTCCTTCGTGGGTTCCACCCCA 
ATCGCAAAGT ACATC T ACGAGAC T TCCGCGAAGAACGGCAAGCGCGTCCAGGCGT TGGGCGGCGCGAAGAACCACAT 
GCTGGTGC TGCCAGATGC TGATCTGGATCTGGTTGCCGATCAGGCAATCAACGCAGGT TACGGCGCTGCCGGTGAGC 
GTTGCATGGCTGTTTCTGTGGTCTTGGCTATTGAATCTGTT^ 

GACACCCTGCGCATCGGCAACGGTGCCGGCGACGAGCAGGGCGAGCCGCACCTGGGCCCACTAAT 
CCGCGACAAGGTCGG T TC TT ATGTCGACATCGC TGAGGCCGACGGCGCCAAGATCATCGTGGACGGGCGTAACTGCG 
CCGTAGACGGGCACGAGGAGGGCTTCTTCTTCGGCCCTACGCTTATCG&CGACA 
ACCGAAGAAATCTTCGGCCCGGTCCTCTCTGTCGTTCGTGTCGCATCCTT^ 

CGGTGAATTCGGCAACGGAACCGCAATC T TCAGCAACGATGGTGGAGCGGCACGCCGC T TCCAGCATGAGATCGAAG 

TGGGCATGATCGGCATCAACGTACCAATCCCAGTGCCTGTTGCGTACCACTCCTTCGGTGGTTGGAAGAACTCCCTC 

T TCGGTGACGCCAAGGCAT ATGGCACTCAAGGTT T TGATTTC T TCACCAGGGAAAAGGCGATCACCAGCCGTTGGC T 

CGACCCAGCAACCCACGGTGGCATTAACCTCGGTTTCCCACAGAACGAT 

>RXA0 087 0-nucleo tide sequence C: downstream 

TAATTGAAGGAGAGCACAGGACT 
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»RXA01136-amino acid sequence 
(1-432, translated) 144 residues 

MTLDYFKASG TDYALGLAAE SEGARRTGIT GMASAFKEFA GCGE IDLE AT RVEGGLKVSG KLRWASNLCE 
DPVIVPAAKT AEGLQLLFAL GAETEGVTLG SSLALLGLNA T ACAWVS FED VFIPGAQILS HDFLTLWHRC 
AQPS 

>RXA01136-nucleotide sequence A: upstream 

CCCTCGCAACACCGACGGTAGCC TCTTGGAAATGGCGCGCATCGTGCGTGAGC TTTCCCGCTAGGACCTGTCTACTG 
CCTTCACTTTGTGCGAACACCGC 

>RXA01 13 6 -nucleotide sequence B: coding .region 
ATGACCTTGGATTACTTCAAGGCATCCGGCACTGACT^^ 

CACTGGTATCACCGGCAXGGCGAGTGCATTCAAGGAGTTTGCTGGTTGTGGTGAGATCGACCTTGAAGCAA 
TAGW^GGTGGCCTCAAAGTTAGTGGAAAGCTTCGTTGGGCTTCCAA 

GGAAAGACCGCAGAGGGCTT ACAACT ACTGT TCGCATT T 
TGCTCTACTCGGTTTGAACGCAACTGCTTGCGCTTGGGTGAGCTTTGAGGATGTCTTCATTCCTGGGGCTCAGATTC 

. TAAGCCACGATTTCCTTACCTTGTGGCATCGGTGCGCCCAACCTTCG 
>RXA01136-nucleotide sequence C: downstream 
TGATCCTACGGATCTCCGAATAC 




\ 
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»RXA01261-amino acid sequence ** * * •• 

(1-171, translated) 57 residues 

VTEHYDVWL GAGPGGYVSA IRAAQL.GKKV AVIEKQYWGG VCLNVGCIPS KVSDQKR 
>RXA0 12 61 -nucleotide sequence A: upstream 
GTGGGTGTTTTTGATTTTCTTCCACTCTAAAATTAAGTATGG 
AC TAAACACGTATCC TTGAATGC 

>RXA0 12 61 -nucleotide sequence B: coding region, 

GTGACTGAACATTATGACGTAGTAGTACTCGGrAGCCGGCCCCGGTGGCTATGTCTCCGCCATCCGTGCAGCGCAGCT 

TGGCAAGAAGGTTGCTGTAATTGAGAAGCAGTACTGGGGTGGTGTTTGCCTAAACGTGGGCTGCATT 

TCTCTGATCAAAAACGC 

>RXA0 12 61 -nucleotide sequence C: downstream 
TGAAGTTGCCCATACCTTTACCC 



f 

i 
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»RXA01260-amino acid sequence * * * 

(1-1182, translated) 394 residues 

VTFNYEDAHK RSRGVSDKIV GGVHYLMKKN KIIEIHGLGN FKDAKTLEVT DGKDAGKT I T FDDCIIATGS 
WNTLRGVDF SENWSFEEQ ILNPVAPKKM VIVGAGAIGM E FAYVLGNY G VDVTVIEFMD RVX.PNEDAEV 
SKVIAKAYKK MGVKLLPGHA T T AVRDNGD F VEVDYQKKGS DKTETLTVDR VMVSVGFRPR VEGFGLENTG 
VKLTERGAIE IDDYMRTNVD GIYAIGDVTA KLQLAHVAEA QGIVAAETIA GAETQTLGDY MMMPRATFCN 
PQVSSFGYTE EQAKEKWPDR EIKVASFPFS ANGKAVGLAE TDGFAKIVAD AEFGELLGAH LVGANASELI 
NELVLAQNWD LTTEEISRSV , HIHPTLSEAV KEAAHGISGH MINF 
>RXA0 12 60 -nucleotide sequence A: upstream 

CTAAACGTGGGCTGCATTCCTTCCAAAGTCTCTGATCAAAAACGCTGAAGTTGCCCATACCTTTACCCATGAGAAGA 
AGACCTTCGGCATCAATGGCGAA 

>RXA01260-nucleotide sequence B: coding region 

GTGACCTTCAACTATGAGGATGCTCACAAGCGTTCCCGTGGCGTTTCCGACAAGATCGTTGGAGGCGTTCATTACTT 
GATGAAGAAGAACAAGAT CAT CGAAAT TCATGG TC T TGGAAAC T T CAAGGAT GC T AAGAC T C T T GAGGT CACCGACG 
GTAAGGATGCTGGCAAGACCATCACC T TTGATGAC TGCATCATCGCAACCGGT TCGGTAGTCAACACCC TCCGTGGC 
GTTGACTTCTCAGAGAACGTTGTGTCTTTTGAAGAGCAGATTCTTAACC^ 

TGGTGCAGGCGCAATTGGAATGGAATTCGCCTACGTTCTTGGTAACTACGGTGTAGATGTAACCGTCATCGAGTTCA 
TGGATCGTGTGCTTCCAAATGAAGATGCTGAAGTCTCCAAGGTTATTGCAAAGGCCTACAAGAAGATGGGCGTTAAG 
CTTCTTCCTGGCCATGC^UICCACTGCTGTTCGGGACT^C^ 

TGACAAGACAGAGACTCTTACTGTTGATCGAGTCATGGTTTCCGTTGGTTTCCGTC 

T TGAAAACAC TGGCGT T AAGC TCACCGAGCGTGGCGGAATCGAGATCGATGAT T ACATGCGT ACCAACGT CGATGGC . 
AT TTACGCCATCGGTGACGT GACC GCCAAGCT TGAGC T TGC TCACGTCGCAGAAGCACAGGGCAT TG T TGCCGCAGA 
GAC T AT TGCTGGTGGAGAAAC TCAGACTC T TGGTGAT TACATGATGATGCCACGTGCAACC T TCTGCAACCCACAGG 
TTTCTTCCT T TGGT T ACACCGAAGAGCAGGCCAAGGAGAAGTGGCCAGATCGTGAGATCAAGG T TGC TTCCT TCCCA 
T TCTCTGCAAACGGTAAAGCAGT TGGCCTGGCAGAAACTGATGGTTTCGCAAAGATCGT TGCTGATGCAGAAT TGGG 
TGAGC TGC TCGGTGCACACC TGGT TGGAGCAAATGCATCAGAGCTCATCAATGAATTGGTGC T TGCTCAGAACTGGG 
ATCTCACCACTGAAGAGATCTCTCGTAGCGTCCATATTCACOGAACGCTATCTGAGGCA^ 
GGTATCTCTGGACACATGATCAACTTC 

>RXA0 12 60 -nucleotide sequence C: downstream 
TAGAATCCACCTCGTTGGCCCTG 
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»RXA01 614 -amino acid sequence 
(1-1023, translated) 341 residues 

MNQMQQWKPD FLGEGYQNI/T IELGDDPDNE TDWTTWRY NPDNHADE S F AARPAIXWVH GMTDYFFHTE 
FAEFFHNAGF AVYGIDLRKC GRSYRPGQQW HYTSDIAHYF PDLTAAAEVI SSTHPELVPV AHSTGGLIVP 
LWMSQMRTSN PAAIEKIPAL VLNSPWUDMM YPPLFIKLIT PMVRVLGKRS PTTIIPGGGL GAYGKSIHKN 
FYGEWDFDTT IKPVEGHKKS IGWLRAVMAG QAEIHHDHVN VGVDVLTLCS NKSWLKSEYT EDTNTSDAVL 
DVKHIQKWAP HLSSPSSRVD VE I IDNARHD IFLSRKPARD HASEVLNNWL QSKLSSLKPS Q 
>RXA0 161 4 -nucleotide sequence A: upstream 
TGCAATTCGCAAACATGAGTAGTATCGCGGAAGTTTCACCACGTG 
ACAATCGACCTATCGT TATACGT 

>RXA0 161 4 -nucleotide sequence B: coding region 

ATGAATC^GATGCAGCAGTGGAAACCAGACTTCCTGGGAGAGGGCTACCA 

CCCGGATAATGAAACAGATGTTGTGACAACGGTTGTGCGCTAC^ 

CCCGCCCAGCGTTGCTGTGGGTTCACGGCATGACGGACTACTTC 

GCCGGTTTTGCTGTGTACGGCATTGATCTTAGAAAATGTGGACGCTC 

CTCTGATCTTGCCCATTACTTCCCTGACTTAACAGCTGCTGCCGAGGTCATCTCTTCCACCCACCCTGAGCTAGTCC 
CCGTCGCCCATTCCACTGGTGGACTCATCGTTCCTCTGTGGAT 

GAGAAGATTCCAGCGCTGGTCCTCAACAGTCCGTGGCTGGAC^TGATGTATCCACCACTC 
CCCTATGGTGAGGGTGTTGGGCAAACGCTCCCCCACAACCATCAT^ 

CGATC CATAAGAAC TTT TACGGCGAATGGGAG T T TGACACCACCATCAAGCCTGTAGAAGGACATAAAAAGAGCATC 

GGATGGCTTCGGGCAGTCATGGCTGGCGAAGCAGAAATCCATCACGACGACGTGAATGTCGG 

GCTGTGTTCAAATAAGTCCTGGTTGAAGTCTGAATACACAGAGGACACCAACACTTCAGACGC^ 

AAGACATTCAAAAGTGGGCTCCTCATTTGAGCTCGCCATCGTCCAGGGTTGATGTTGAGATCATC 

CACGATATTTTCCTCTC^AGGAAACCCGCCAGAGATCACGCCTCTGAAGTACTCAAC^ 

TTCCAGCCTCAAACCATCTCAA 

>RXA0 161 4 -nucleotide sequence C: downstream 
TAACACCGCGAATTATAGACTGA 



BASF Aktiengesellscliaft 990695 ■ O.Z. 0050/50202 

»RXA01 983 -amino acid sequence 
(1-507, translated) 169 residues 

MEGYGPTQIE KLLPAYTQVN TAGNNPATTP - EQDLL<GGAAT SPENYDHQLQ YAVDASPVHQ NAAQAPPFLI 
MHGTGDRMVP PEQSAALHTH LVQAGRQSTL VLIEGFGHGF LNPGEVAELG PNVRLDNGRL ERE PQTNFSA 
QQSPGNPFEL QGLAADHEMI KRFFTLHLR 
>RXA01983-nucleotide sewence A: upstream 

ATATCGCTGCCAT GGCAGCCT TGC T GGGCAACCTCAAGGAGAC TGACC TAGAAGAGC TCCCCACCGAT TACCAGGGG 
TGTCCTCCCATGTCCGCTGCGTT 

>RXA0 198 3- nucleotide sequence B: coding region 

ATGGAAGGC T AC GGAC C TACCCAGAT CGAAAAGC T C T T ACC TGCAT ACACACAGGT CAACACAGCCGGGAAT AAT C C 

AGCGACGACGCCTGAGCAAGATCTCCTCGGCGGAGCTGCAACCTCGCCGGAAAACTACGACCACCAGCTGCAG 

CAGTCGACGCCAGTCCGGTGCATCAGAATGCGGCAGAGGGACCGCCCTTCCTGATCAT 

ATGGTCCCTCCGGAGCAATCGGCTGCGCTGCACACCCATCTTGTGCAGGCTGGTCGGCAGTCCACCCTGGTACTCAT 

TGAGGGCTTTGGCCACGGTTTCCTCAATCCCGGGGAAGTCGCGGAGCTGGGGCCAAACGTTCGACTAG^ 

GGCT CGAGCGGGAGC C TCAGACAAAT T TCAGCGCGCAGCAGAGTCCGGGAAACCCC T T TGAAC T ACAGGGAC T T GCC 

GCCGACCATGAGATGATCAAGCGCTTTTTCACCCTGCAGCTTCGC 

>RXA0 198 3 -nucleotide sequence C: downstream 

TAAGACTCTACCTTCACCCAACT 
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>>RXA022 69 -amino acid sequence . 
(1-972, translated) 324 residues 

MVDALNDLRR ELTNALRSVW KNLPTDNAPQ AD AXi PDDWE EIAINFYRDP KNRGKLNEDK TDSLPMLARI 
RSRGLFEDDW RARPTEDRPW PWLVHGTGS TKGDWQDLGA DLRRDGWAVF APE FGQRATG SVAESSAQIG 
AYIDTVX.LAT GASKVIWGH SQGGVLLRYW MRVLGGASKV KHMVS LAVPN HGTTMGGIVS PLIRNNRGES 
WNSWQSWF. GEAGFEMIRG KDTINAINEG GDLDPDVTYL CIATHFDTVI QPPETCFLEA RNPEELKRVQ 
NIWVENLDPN SWLHEAMPY DPRVRALVRA DLSKLVEISE TAEN 
>RXA02269-nucleotide sequence A: upstream 
CGCAATGATTGCCCAGAACGATATGGTGCGCGATCCGAGGGTGATCGAAATCG 
CACGCCTCGGCTAAGT TGGGGAC 

>RXA02269-nucleotide sequence B: coding region 

ATGGTTGACGCCCTGAATGATCTCCGCCGAGAACTCACAAACGCGTTAAGGTCCGTGTGGAAAAACCTCCCCACTGA 
TAACGCCCCGCAGGCCGATGCCTTGCCAGACGATGTAGTGGAAGAGATTGCGATAAATTTCTACCGTGATCGCAAAA 
ACCGCGGCAAACTCAACGAAGACLAAAACAGATTCCTTGCCGAT 

GACGAT TGGCGCGCCC GCCCCACCGAAGACCGCCOCTGGCCAGTGGTAT T AGTCGACGGAACTGGATCAACAAAAGG 
TGAT TGGCAAGACT TGGGAGCCGATCTACGCCGCGACGGCTGGGCAGTGT T TGCACCCGAAT T TGGCCAACGCGCCA 
CCGGTTGAGTCGCAGAATCATCCGCACAAATTGGCGCCTATATAGATACAGTATTGCTTGCTACAGGAGCCTCAAAA 
GTCATTGTCGTTGGCCACTCCCAAGGCGGCGTGTTGCTGAGATACTGGATGCGTGTTTTGGGTGGTGCATCCAAAGT 
CAAACACATGGTCTCCCTCGCTGTCCCCAATCACGGCACCAC 

ATCGTGGCGAAAGTGTGGTTAATTCTGTCGTTCAATCATGGTTCGGCGAAGCTGGATTTGAAATGATCCGCGGACAC 



GACACCATCAACGCCATCAATGAAGGCGGCGATTTGGATCCAGACGTGACATATCTC 

CACCGTGAT TCAGCCCCCTGAAACCTGCT TCCTAGAGGCCCGGAACCCCGAAGAACTGAAGCGGGTCCAAAACATCT 

G<^TGGAAAACCTCGACCCCy^TTCAGTCGTGCTCCA 

AGGGCGGAT TTGAGCAAATTGGTGGAGAT T TCCGAGACTGCGGAGAAC 

>RXA02269-nucleotide sequence C: downstream 

TAGGGGTTTTGGTGGTTGTCTAA 




BASF Aktiengesellschaft 990695 O.Z. 0050/50202 
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»RXA02268-amino acid sequence 
(1-900, translated) 300 residues 

MSQENSGLFK RAI TRGVAKV RRNPREDFAE EFTQELYDHA TNITLPLTAR LKPNGFFQDD WRARPSGARP 
WPIVLIHGSG AS KG SWE EMG AELRSKGWAV FAPD FGTRAT EPIAASAAQI GAYIDAVLLV TGAAQIVLVG 
HSQGGWARY WMRTYGGYMK VRHMISISTP NHGTLMGGIL NPMTKVKSGE GTIEKLMHRL FGPTGFEQLR 
GHDIIEFLAD GGDLDPGVTY TCIGTHFDPF IQPPEVAFLE VNEDDDPNRV HNIWVEDEHP RAMIAHNDMV 
RDPRVIEIVR AE LDRVARLG 

>RXA022 68-nucleotide sequence A: upstream • 
TGAATCGTTGGTGCTTCGAGTTGGGATTGTTATGTGGGQ 
GCC TACGGCGC TAGTG TGAGCAC 

>RXA0 22 6 8 -nucleotide sequence B: coding region 

ATGTCCCAGGAAAATTCTGGTTTGTTCAAGCGCGCGATTAGACGTGGGGTGGCTAAGGTGCGCCGGAA 
GGATTTTGCGGAGGAATTCACCCAAGAACTCTACGATCACGCAACAAATATCACCCT^ 

AGCCGAATGGGTTTTTCCAGGATGATTGGCGGGCGCGACCAAGTGGTGCGCGACCGTGGCCGATCGTGCTAATTCAC 

GGATCCGGGGCCAGCAAGGGTTCATGGGAGGAAATGGGCGCTGAGCTGCGCAGCAAAGGTTGGGCCGTGTTTGCCCC 

TGACTTTGGAACGCGTGCCACCGAGCCAATTGCGGCGTCGGCTGCCCAAATTGGTGCGTATATTGATGCCGTTTTGT 

TGGTGACGGGCGCTGCGCAGATTGTGCTGGTTGGGCATTCGCAAGGCGGTGTCGTGGCGCGGTATTGGATGCGCACC 

TACGGCGGATACATGAAGGTCAGGCACATGAT TTCCATC TCTACGCCAAATCACGGAACGC TCATGGGAGGCATTT T 

AAACCCGATGACGAAGGTGAAATCGGGAGAGGGAACGATCGAAAAGCTGATGCACA 

TTGAACAGCTGCGCGGAGACGACATCATCGAGTTTTTGGCCGACGGTGGGGAOC^ 

TGCATTGGTACCCAT T TTGATCC TT TCATCCAACCTCCGGA<3GTGGCCTT T TTGGAGGTCAACGAGGACGATGATCC 
AAATCGAGTCCACAAT ATT TGGGTCGAAGATGAACACCCGCGCGCAATGAT TGCCCAGAACGATATGGTGCGCGATC 
CCAGGGTGATCGAAATCGTACGCGCAGAGCTCGACCGGGTGGCACGCCTCGGC 
>RXA0 22 68 -nucleotide sequence C: downstream 
. TAAGT TGGGGACATGGTTGACGC 



\ 
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»RXA02320-amino acid sequence w * * 

(1-588, translated) 196 residues 

MTAAQTKPDL TTTAGKLSDL RSRLAEAQAP MGEATVEKVH AAGRKT ARE R IEYLLDEGSF VEIDALARHR 
SKNFGLDAKR PVTDGWTGY GTIDGRKVCV FSQDGAVFGG ALGEVYGEKI VKVMDLAIKT GVPLIGINEG 
AGARIQEGW SLGLYSQIFY RNTQASGVIP QISLIMGACA GGHVYS PAL.T DFIVMV 
>RXA02 320 -nucleotide sequence A: upstream 

GT ATGT TCACACAAGAACCC TGCACAACGCCTTCAAAGT^ TAT TCAC TCTCACGC 

T TCAGGAT T TAGAC TAAGAAACC 

>RXA0 2 320 -nucleotide sequence B: coding region 
ATGACTGCAGCACAGACCAAACCTGACCTCACCACCACGGCTGGAAAG 

AGCTCAAGCTCCAATGGGCGAAGCAACTGTAGAAAAAGTGCACGCTGCTGGCAGGAAGAGTGCCCGCG^ 

AGTATTTGCTCGATGAGGGCTCTTTCGTAGAGATCGATGCTCTTGCTCGTGACCGTTCCAAGAACTTCGGCCTGGAT 

GCCAAGCGTCCAGTTACTGACGGTGTTGTGACTGGTTACGGCACCATCGATGGCCGTAAGGTCTGTGTGTTCTGCCA 

GGACGGCGCTGTATTCGGTGGCGCTTTGGGTGAAGTTTATGGTGAAAAGATCGTTAAGGTTATGGATCTTGCGATCA 

AGACCGGTGTGCCTTTGATCGGAATCAATGAGGGTGCTGGTGCGCGTATCCAGGAAGGTGTTGTGTCTCTGGGTCTG 

T ACTCACAGATC T TCTACCGCAACACCCAGGCGTCTGGCGTTATCCCACAGATC TCTT TGATCATGGGTGCCTGCGC 

TGGTGGTCACGTGTACTCCCCTGCTCTGACTGACTTCATCGTCATGGTG 
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»RXA02 321 -amino acid sequence * " #Q ■ 

(1-444 , translated) 148 residues 

EYGGILRRGA KLLYASXEAP VPKITVTMRK AYGGAYCVMG SKGLGSDINL AWPTAQIAVM GAAGAVGFIY 
RKELMAADAK GLDTVALAKS FEREYEDHML NPYHAAE RGL IDAVILPSET RGQISRNLRL LKHKNVTRPA 
RKHGNMPL - 
>RXA02 321 -nucleotide sequence B: coding region 
GAGTACiGGTGGCATTCTGCGTCGTGGCGCAAAGCTGCTC^ 
CACCATGCGTAAGGCTTACGGCGGAGCGTACTGCGTGATG(k3TT^ 
GGCCAACCGCACAGATCGCCGTCATGGGCGCTGCTGC^ 

GATGCCAAGGGCC TCGAT ACCGT AGCTCTGGC TAAGTCCT TCGAGCGCGAGTATGAAGACCACATGCTCAACCCGTA 

CCACGCTGCAGAACGTGGCCTGATCGACGCCGTGATCCTGCCAAGCGAAACCCGCGGACAGA 

GCCTGCTCAAGCACAAGAACGTCACTCGCCCTGCTCGCAAGCACGGCAACATGCCACTG 

>RXA0 2 321 -nucleotide sequence C: downstream 

TAAATCGGCGAATCCATAAAGGT 



BASF Aktiengesellschaft 990695 „P.Z. 0050/50202 
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»RXA02343-amino acid sequence 
<1-414, translated) i38 residues 

MTISSPLIDV ANLPDINTTA GKIADLKARR AEAHFPMGEK AVEKVHAAGR LTARERLDYIi LDEGSFIETD 
QLARHRTTAF CI*GAKRPATD GIVTGWGTID GREVCIFSQD GTVFGGALGE VYGEKMIKIM ELAIDTGR 
>RXA02343-nucleotide sequence A: upstream 

T T TAAAAAC T ACCCGCACGCAGCACGAACC TGTTCAGTGATGTAAATCACCGCGGAAATATTGTGGACGTTACCCCC 
GCC TACCGC T ACGAT T TCAAAAC 

>RXA02 34 3 -nucleotide -sequence B: coding region 
ATGACCATTTCCTCACCTTTGATTGACGTCGCCAACCTTCCAG 

TAAGGC TCGCCGCGCGGAAGC CCAT T TCCCGATGGGTGAAAAGGCAGT AGAGAAGGTCCACGC TGCTGGACGCCTCA 
C TGCCCGTGAGCGC TTGGAT T ACT TAC TCGATGAGGGCTCC T TCATCGAGACCGATCAGC TGGCTCGCCACCGCACC 
ACCGCTTTCTGCCTGGGCGCTAAGCGTCCTGCAACCGACGGCATCGTGACCGGCTGGGGCACCATTGATGGACGCGA 
AGTCTGCATCTTCTCGC^GGACGGCACCGTATTCGGTGGCGCGCTTGGTGAGGTGTACGGCGAAAAGATGATCAAGA 
T CATGGAGC TGGCAATC GACACCGGC C GC 
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»RXA02 583 -amino acid sequence 
(1-1548, translated) 516 residues 

LSNTTTAEKL ADLRARLEIA KDPGSERARK KRDEEGRTTP RQRIDALLDA GSFVEIGALG RTPDE PDAPY 
SDGWTGYGR IDGRPVAIYA HDKTVYGGSV Q4TFGRKVSE VMDMAIRIGC PVIGIQDSGG ARIQDAVTSL 
AMYSE IARRQ LPLSGRSPQI S IMLGKSAGG AVYAFVTTDF VI GVDGE TEM YVTGPAVI KE VTGEQITSAD 
LGGGAQQMQN GNISYLASSE EEALNMVKDL LDFLPLTCND PAPVFAAPTD EE IAYDEALN SFMPDDTNQG 
YDMHDLLDKL FDDANLLEIQ EEYAPNLITT FARVDGKAVG WANQPMDKA GCIDADAADK GARFIRICDA 
YNIPIIFWD TPGYX.PGVDQ EKVGLIHRGA KLAFAWEST VPKISLIVRK AYGGAYAVMG SKHLTGDLNF 
AWPTAQIAVM GAAAAWMIQ GKQLEAAPPE QREYMKKLFM DFYDENMTSP YVAAERGY ID AMIEPAETRL 
VLRRAVRQLE TKAVRDLDKK KTIMPM 
>RXA02583 -nucleotide sequence A: upstream 
CAGTTGTCGATGAACCAGAAATCGGCACAGTCGGAGCTCATTT 
TAGT AACGGAGAGC TGACGGAAG 

>RXA02583-nucleotide sequence B: coding region 
TTGAGTAACACCACTACTGCAGAGAAGCTAGCGGATCTGCGCGCACGCCTGGA 

ACGCGCACGTAAAAAGCGC(^CGAGGAAGGCCGAACCACCCCTCGTCAGCGTATTGATGCTCTGCTTGATGCCGGAT 

CCTTTGTGGAGATCGGCGCACTAGGCCGTACCCCGGATGAACCCGATGCGCCTTACTCTGACGGTGTGGTGACTGGT 

TATGG TCGCATCGATGGTCGCCCAGTGGCCATC TACGCCCATGACAAGACCGT TTACGGTGGT TCCGTGGGCATGAC 

TTTCGGACGTAAAGTCAGCGAAGTCATGGACATGGCTATCCGGATTGGTTGCCCAGTTATCGGTATTCAG 

GCGGAGCCCGCATTCAGGATGCGGTGACCTCCTTGGCGATGTACTCAGAGATCGCGCGTCCTCAGCTTCCG 

GGCCGCAGCCC TCAGAT T TCCATCATGC TGGGTAAATCGGCAGGTGGCGCAGTGTATGCACCTGTGACCACTGACT T 

TGTTATCGGCGTTGATGGTGAAACAGAAATGTATGTCA^^ 

TCACTTCCGCAGACCTCGGTGGCGGTGCGCAGCAGATGCAAAACGGCAACATTTCCTAT 
GAGGC CCTGAATATGGTCAAGGATTTGCTCGACTTCCT 

ACCAACGGAT GAAGAGATCGCC TACGAC GAAGC TC TGAAC TCG T TCATGCC TGACGACAC TAACCAGGGC T ACGACA 
TGCATGACCTGC TGGACAAGCTT TTCGACGACGCCAACCTGCTGGAAATCCAAGAGGAGTACGCCX^CGAACCTGATC 
ACTACCTTCGCCCGCGTTGATGGCAAGGCAGTCGGTGT^ 

CGCTGACGCCGCCGACAAGGGCGCCCGCTTCATCCGTATCTGCGACGCCTACAACATCCCGATCATCTTCGTCGTGG 
ACACCCCTGGCTACCTGCCTGGCGTGGACCAAGAG^^ 

GTGGTGGAATCGACCGTCCCTAAGATTTCCTTGATCG 
CAAGAACCTCACCGGTGACCTCAACTTCGCAT^^ 
TGATGATCCAGGGCAAGCAGCTCGAAGCCGCCCC^^ 
TACGATGAGAACATGACCAGCCCATATGTGGCCGCCGAGCGTGGT^ 

C CGT T T GGTGC T TCGCC GAGCAGTCCGCCAGC T GGAAACCAAGGC TGT GCGAGACC TCGACAAGAAGCAGACGATCA 
TGCCGATG* 

>RXA02 583 -nucleotide sequence G: downstream 
TAACGTCCAAAGAATTATCCAGA 



BASF Aktiengesellschaft 990695 O.Z. 0050/50202 
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»RXA02 851 -amino acid sequence 
(1-519, translated) 173 residues 

PRQKADIMIG SIQENINDVD LELDTIIPDS PNQPYDMKEV I SRIXDDAE F FEIQEDYAEN ILCGFARVEX 

RXVGIVANQP TQFAGXLDIK ASEKAARFIR TCDAFNIPIL EFVDVPGFLP GTNQE FDG 1 1 RRGAKLLYAY 

AE ATVGK I TV ITRKSYGGAY CVMGS KDMGA GLV 

>RXA0 2 8 51 -nucleotide sequence B: coding region 

CCTCGCCAGAAGGCCGACATCATGATCGGTTCCATCCAGGAAAACATG 

CATCCCGGATTCCCCGAACCAGCCTTATGACATGAAGGAAGTTATTTCCCGCATCGTNGACGACGCCGAGTTCTTCG 
AGATCCAGGAAGACTACGCAGAGAACATCCTGTGTGGCTTCGCTCGCGTTGAGGNCCGTTNTGTTGGCATCGTGGCT 
AACCAGCCAACCCAGTTCGCTGGCTGNTTGGAT 

TGCCTTCAACATCCCAATCCTTGAGTTCGTGGACGTTCCAGGCTTCCTGCCTGGCACCAACCAGGAATTC 
TCATCCGCCGCGGCGCAAAGCTGCTTTACGCTTAC 

TCCTACGGCGGAGCGTACTGCGTGATGGGTTCCAAGGATATGGGCGCTGGCCTGGTA 
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»RXA02850-amino acid sequence 
(1-492, translated) 164 residues 

EELGGATTHM VTAGNSHYTA ATDEEALDWV QDLVSFLPSN NRSYAPMEDF DEEEGGVEEN ITADDLKLDE 
IIPDSATVPY DVRDVXECLT DDGEYLEIQA XRAENWIAF GRIEGQSVGF VANQPTQFAG CLDIDSSEKA 
ARFVRTCDAF NIPIVMLVDV PGFL 

>RXA02 8 50 -nucleotide sequence B: coding region 

GAAGAGC T T GGCGGAGCAACCAC C CACAT GG T GACCGC TGG T AAC T CCCAC T AC ACC GCT GCGACCGAT GAGGAAGC 
ACTGGATTGGGTACAGGACCTGGTGTCCTTCCTCCCATCCAACAATCGCTCCTACGCACCGATGGAAGACTTCGACG 
AGGAAGAAGGCGGCGTTGAAGAAAACATCACCGCTGACGATCTGAAGCTCGACGAGATCAT 
GTTCCTTACGACGTCCGCGATGTCATNGAATGCCTCA^ 

AGAAAACGTTGTTATTGCATTCGGCCGCATCGAAGGCCAGTCCGTTGGCTTTGTTGCCAACCAGCCAACCCAGTTCG 
CTGGCTGCCTGGACATCGACTCCTCTGAGAAGGCAGCTCGCTTCG 
GTCATGCTTGTGGACGTCCCCGGCTTCCTC - 



Claims 



1 . An isolated nucleic acid molecule from Corynebacterium glutamicum encoding an 
MCT protein, or a portion thereof. 

2. The isolated nucleic acid molecule of claim 1 , wherein said nucleic acid molecule 
encodes an MCT protein involved in the production of a fine chemical. 

3. An isolated Corynebacterium glutamicum nucleic acid molecule selected from the 
group consisting of those sequences set forth in Appendix A, or a portion thereof. 

4. An isolated nucleic acid molecule which encodes a polypeptide sequence selected 
from the group consisting of those sequences set forth in Appendix B. 

5. An isolated nucleic acid molecule which encodes a naturally occurring allelic variant 
of 4 polypeptide selected from the group of amino acid sequences consisting of those 
sequences set forth in Appendix B. 

6. An isolated nucleic acid molecule comprising a nucleotide sequence which is at least 
50% homologous to a nucleotide sequence selected from the group consisting of 
those sequences set forth in Appendix A, or a portion thereof. 

7. An isolated nucleic acid molecule comprising a fragment of at least 1 5 nucleotides 
of a nucleic acid comprising a nucleotide sequence selected from the group 
consisting of those sequences set forth in Appendix A. 

8. An isolated nucleic acid molecule which hybridizes to the nucleic acid molecule of 
any one of claims 1-7 under stringent conditions. 

9. An isolated nucleic acid molecule comprising the nucleic acid molecule of any one 
of claims 1 -8 or a portion thereof and a nucleotide sequence encoding a heterologous 
polypeptide. 

10. A vector comprising the nucleic acid molecule of any one of claims 1 -9: 

1 1 . The vector of claim 1 0, which is an expression vector. 

12. A host cell transfected with the expression vector of claim 1 1 . 

13. The host cell of claim 12, wherein said cell is a microorganism. 

14. The host cell of claim 13, wherein said cell belongs to the genus Corynebacterium 
or Brevibacterium 

15. The host cell of claim 12, wherein the expression of said nucleic acid molecule 
results in the modulation in production of a fine chemical from said cell. 



J 3101 15 \ wherem . 531(3 fine chemical is selected from ihe group 
Z »vri^L° K ^ ^ ^r" 06 ^ ^^^oeenic amino ac?ds"purine 
tofSS^Sfi C n u UC i e ° SldeS ' nucleotides ' li P*s, saturated and unsaturated 

' £SL!2 ' ' carbob y draies ' compounds, vitamins, cofaaors, and 

enzvmes. * 
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1 7 £ n h ° d ° f produc ? n S a Polypeptide comprismgcultiiring the host cell of claim P 
m an appropriate culture medium to, thereby, produce the polypeptide. 

0 ^r^f ated P ° lypeplide from Caynebacunum glutamk-um, or a portion 

1 9. "The polypeptide of claim 1 8, wherein said polypeptide is involved in the production 
of a fine chemical production. ^ " 

5 

20. An isolated polypeptide comprising an amino acid sequence selected from the group 
consisting of those sequences set forth in Appendix B. 

21. An isolated polypeptide comprising a naturally occurring allelic variant of a 
polypeptide comprising an amino acid sequence selected from the group consisting 
of those sequences set forth in Appendix B, or a portion thereof. 

2 ' SL^^SS* * "* ° f daimS 18 " 21 ' ^-mprisingheterologous 

2 " n^wT* P0lypeplid f w * ch ^ ^coded by a nucleic acid molecule comprising a 
n^leotide sequence which is at least 50% homologous to a nucleic acid selected 
lrom the group consisnng of those sequences set forth in Appendix A. 

24. An isolated polypeptide comprising an amino acid sequence which is at least 50% 
homologous to an amino acid sequence selected from the group consisting of those 
sequences set forth in Appendix B. un»«ung oi tnose 

25 ' ™*of i^?o dUCi ? ! 6 S emical - GOm P risin g cu ^ng a cell containing a 
vector of claim 12 such that the fine chemical is produced. 

26 * r^ e o^° d K 0f ^ m u 25 ' Wl ll ein Said meih0d uprises the step of 

recovering the fine chemical from said culture. 

27. The method of claim 25, wherein said method further comprises the step of 
ttansfectmg said cell with the vector of claim 1 1 to result in a cell containing said 

28 ' 25 ' WherCin 531(3 CeU belor * s 10 * eflus ^^«c/^ or 

2P. Themethod of claim 25, wherein said cell is selected from the group consisting of 
Corynebactertum glutamics, Coryrte bacterium herculis. Curyne bacterium lilium 
Corynebactenum acetooddophilum. Coryne bacterium acetoglutamicum ' 



Corynebucierium acerophilum. Corynebaaenum ammoniagenes, Corynebaatrium 
fujtokense, Coryne bacterium niirilophilus, Brevibaaerium ammoniagenes. 
Brevibaaerium butanicurn, Brevibaaerium divaricatum. Brevibaaerium flavum, 
Brevibaaerium healii, Brevibaaerium kerogluiamicum, Brevibaaerium 
kexosoreduaum. Brevibaaerium laaofermentum, Brevibaaerium linens. 
Brevibaaerium parqffinolyiicum. and ihose strains sex forth in Table 3. 

30. The method of claim 25 t wherein expression of the nucleic acid molecule from said 
vector results in modulation of production of said fine chemical. 

31. The mexhod of claim 25, wherein said fine chemical is selected from the group 
consisting of: organic acids, proxeinogenic and nonproxeinogenic amino acids, purine 
and pyrimidine bases, nucleosides, nucleoxides, lipids, saturated and unsaturated 
fatty acids, diols, carbohydraxes, aromatic compounds, vitamins, cofaexors, and 
enzymes. 

32. The method of claim 25, wherein said fine chemical is an amino acid. 

33. The method of claim 32, wherein said amino acid is drawn from the group consisting 
of: lysine, giuxamate, gluxamine, alanine, asparxaxe, glycine, serine, xhreonine, 
mexhionine, cysteine, valine, leucine, isoleucine, arginine, proline, histidine, 
tyrosine, phenylalanine, and tryptophan. 

34. A method for producing a fine chemical, comprising culxuring a cell whose genomic 
DNA has been alxered by xhe inclusion of a nucleic acid molecule of any one of 
claims 1-9. 
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